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EDITORIAL, — 


The Quarterly Journal of Experimental Psychology was founded by the Experi- 
mental Psychology Group in 1948. Its avowed object was to foster an experimental 
approach to psychological problems and to Provide scope for the publication of 
original work in this field. The first volume was completed in 1949 under the capable 
Editorship of R. C. Oldfield. For the next eight years, the Editorship was undertaken 
by D. Russell Davis, who devoted extraordinary skill and care to the affairs of the 
Journal. He was particularly concerned to establish and maintain firm scientific 
standards and to place the business management of the Journal on a secure founda- 
tion. In both these respects he succeeded admirably. Whatever repute the 
Quarterly Journal of Experimental Psychology may now possess is almost wholly due 
to his devoted service. ° 

Dr. Russell Davis retired from the Editorship at his own wish at the end of 1957 
and has been succeeded by O. L. Zangwill. The remaining members of the Editorial 
Board kindly agreed to continue their service for a further year to assist the new 
Editor. Their assistance to the Journal over a long period has been highly valued 
and is most® gratefully acknowledged. i 

The present volume appears under the aegis of a new and enlarged Editorial 
Board, reflecting the increase in both the size and range of interests of the sponsoring 
body. It coincides, too, with the metamorphosis of the Experimental Psychology 
Group into the Experimental Psychology Society. This is the outcome of the very 
considerable expansion of experimental psychology in Great Britain over the past 
ten years. Whereas it is hoped that the new society will preserve all that was best 
in the old E.P.G., it is felt that the time has now passed when the growing needs of 
experimental psychology could best be met by the activities of a small discussion 
group. The Experimental Psychology Society has been conceived as a larger and more 
formally constituted body, adapted to assume a wider range of responsibilities in the 
promotion of its objects. Although a continuation of the Experimental Psychology 
Group, it is in effect a new Society. + 

The policy of this Journal will remain as stated in the Editorial to the first volume 
(Feb., 1948). As before, its aim will be to provide facilities for the publication of 
appropriate work in experimental psychology and related fields. Whereas it is likely 
that reports of experimental inquiries will continue to find predominant representation 
in its pages, we would wish to remind contributors that it was not the intention of the 
founders that only papers Teporting strictly experimental investigations will find a 
Place. Experiment signifies only in relation to theory, and the Journal is open to 
receive papers of a theoretical or critical nature, with the sole provision that they 
Should embody direct and systematic reference to the findings of observation. The 
Journal is likewise interested in empirical work in any branch of psychology that 
might provide a basis for more systematic experimental study. 

The Quarterly Journal of Experimental Psychology is open to contributors pieter 
or not they are members of the Experimental Psychology Society. Further, it was 
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by no means the intention of the founders to limit the scope of the Journal exclusively 
to work emanating from Departments of Psychology. Whereas the primary aim of 
the Journal has been, and will remain, the elucidation of psychological problems, it 
is clear that much work directed towards this end nowadays falls within the scope of 
disciplines other than that of experimental psychology. Among these are neuro- 
physiology and neuroanatomy, comparative zoology and ethology, experimental 
psychiatry, and some aspects of applied physics, in particular communications and 
control engineering. In view of these considerations, papers submitted to this 
Journal will be considered from the standpoint of their relevance to elucidation of 
behaviour and without reference to the nature of the Department or Institution mn 
which the work had its origin. Needless to say, the Editor will also be glad to receive 
and consider appropriate contributions from workers in other countries. 

The members of the Editorial Board believe that this policy is faithful to the 
intentions of the founders and reflects the principles embodied in the constitution of 
the Experimental Psychology Society. These Principles they will endeavour to 
maintain to the utmost in the future conduct of the Journal. 
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LEARNING A PRESSURE UNDER CONDITIONS OF 
IMMEDIATE AND DELAYED KNOWLEDGE OF RESULTS 


BY 


JOHN ANNETT 
From the Oxford University Institute of Experimental Psychology 


The results of a series of experiments on learning to reproduce a precise pressure are 
described and discussed in relation to a tentative hypothesis about the importance of 
timing of feedback signals. The evidence supports the contention that a careful analysis 
of the perceptual aspects of performance is necessary to account for the acquisition and 
retention of a precise motor response. Whilst the original hypothesis is sustained, other 
factors leading to the same result are clearly important. New evidence is produced which 
strongly suggests that cues presented simultaneously in two modalities interact. A possible 
distinction between sensory feedback which is used to control a response and feedback 
which cannot so be used, and the relation of this distinction to the learning of the response 
is also discussed. 


INTRODUCTION 

In two recent papers (Annett and Kay, 1956, 1957) it was suggested that a 
consistent account of the acquisition of skill could be built up from an application of 
the concepts of information theory to the receptor side of a motor performance. This 
emphasis on the organization of incoming data indicates the importance, for learning, 
of relationships between sets of relevant input data arising from a response. It is 
Suggested that during the course of practice the “‘informativeness” of some cues may 
change such that erstwhile sources of information later become redundant. The 
mechanism implied is a straightforward prediction process. For a number of 
reasons, the new trainee needs more actual data from which to extract essential 
information and sometimes this extra data is supplied as knowledge of results. It is 
also common practice to incorporate warning signals and other special cues in training 
devices, Seymour, for example, has suggested that a set of kinaesthetic data may be 
presented simultaneously to the trainee in the form of a visual scale which will enable 
him to “identify” and learn the correct “feel” of a control, or in other words what the 
correct response should feel like (Seymour, 1954, pp. 66-7). Such techniques raise 
Special problems for the two sets of data occur simultaneously instead of successively 
as in the normal knowledge of results situation. One consequence of the simultaneous 
presentation of extra “experimenter-supplied” feedback with “natural” feedback is 
that the former might not become redundant, for whereas an event may become 
Predictable on the basis of preceding events, this clearly cannot happen with simul- 
taneous events. Since no practical purpose is served by supplying extra data which 
the trainee cannot ultimately dispense with, the various possibilities inherent in this 
situation merit examination, The following experiments are concerned with the 
retention of a response Subsequent to the withdrawal of informative feedback presented 
either simultaneously with the Tesponse or upon completion of the response. 


EXPERIMENTS 
x IST SET 
Apparatus and Subjects ? 
Figure 1 shows the general layout of the apparatus used in the first set of expen: 
The situation might resemble instruction in the use of a hand power tool which iovo ues 
the application of pressure to some rather delicate material. The subject stands at the 


4 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


table grasping the plunger handle at waist height. The plunger is ech ae ane 
pressure on it moves the cursor of a small potentiometer inside the box. Jus . te 
level but facing upwards at an angle of 30 degrees is a cathode-ray ae ae 
the subject’s external display. A hinged mirror can be swung across the CR ; Tan = 
to screen it from the subject’s view and at the same time to allow the oe ae 
read the CRO. A neon bulb is also mounted on the CRO casing at about eye ev = Pes: 
change in potential caused by pressing on the plunger is amplified and deflects z pee 
light on the CRO face. As the subject presses the light moves up the screen Ga Seta 
to zero as pressure is released. The relay unit connected to the neon contains tw o ny eae 
which can be triggered at any preselected point, one switching the neon on at a = ie 
pressure and the second switches it off as a higher pressure is reached. The genera Tack 
of the experiments was to give a period of training under conditions of augmented feed ae 
followed by test trials in which the augmented feedback was no longer present. ese 
conditions of presentation of supplementary information were used and in all 38 subj 
were used, 


FIGURE 1 


Relay unit 


Plunger 
To potentiometer 


Amplifier 


Plunger apparatus (side view). 


Experimental Conditions 


All the subjects were instructed that they were to le 
the plunger handle in 30 trials during which they woul 
to help them and that after this practice they would 
Same pressure for 70 more trials unaided. At each t 
he believed to be the correct pressure to hold that pres 
Short rest pauses punctuated the tests at 25 trial inte: 


‘arn to exert a precise pressure of 
d be given some extra informat ag 
have to go on trying to exert Re 
rial the subject was to press jie 
sure for a moment and then releas 
rvals. The four conditions were 4 


Condition A. Subjects could see during practice the CRO face and the light moving 
with pressure applied. The target pressure was clearly marked on the graticule so eee 
the subject could know at any moment not only if his response was correct, but also t 
precise extent and direction of the error. 
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Condition B. The screen is again covered and the subject is given verbally a scale 
reading read off by the experimenter at the end of each push whilst the subject is still 
exerting the pressure. The graticule was divided into 1/roths of an inch, the target 
pressure being at 20 in the middle of the screen. 

Condition B1. The CRO was again covered for the application of the pressure, but 
the screen was removed at the point at which the subject held the pressure steady at the 
end of each push. Thus the subject could, with a short delay, match the applied pressure 
with the position of the light on the CRO. 

The first group of 12 students, all undergraduate or post-graduate students of 
psychology, attended on three occasions, doing on each occasion either A or Ar or B, 
two subjects in each of six possible orders of presentation. The second set of 12 subjects 
attending on three occasions did conditions A, B and Bı, two subjects being given one 
of six different orders of presentation. On each occasion a spring of a different strength 
was used and subjects were told that a new or different pressure was to be learned. On 
the first session the required pressure was 5 kg., on the second 1 kg., and on the third 10 kg. 
Fourteen members of a W.E.A. summer school, only one of them having anything to do 
with psychology, and of ages ranging from 25 to 65, attended once each. Eight did 
condition A and 6 condition B. 


Resulis 

Error was measured in roth-inch deviations from the marked target on the CRO. 
The range of the scale was o to 40, with the target at 20. During the 30 learning 
trials, subjects under the A condition were able to and did in fact produce the correct 
pressure on each response, but on the B conditions fairly large errors were made which 
were gradually reduced so that a few precisely correct responses were made towards 
the end of the 30 trials. On the test trials on the B conditions, this improvement 
underwent a slow reversal, but by contrast the A conditions produced an almost 
immediate and drastic loss of accuracy. So much so in fact that 20 trials after the 
removal of the cue many subjects were making errors beyond the limits of the 
recording apparatus and the potentiometer was damaged several times. Table I 


TABLE I 
PLUNGER EXPERIMENTS 


Table of Mean Error Scores 
(First 20 Test Trials) 


Subjects Condition A B AI Bi 
12 Univ... a Mean 10:8 3:6 
S.D. 51 15 
Et W.E.A. ae Mean 140 4'4 
(8 A, 6 B) os S.D. 21 1-7 
12 Univ... Pe Mean 106 47 
(6 Ar, 6 Bri) .. S.D. ist ied 


ee es a E 


shows the general result in terms of mean error deviation in the first 20 trials only, 
since a large proportion of errors on subsequent trials were unscorable. Generally 
speaking, both the A conditions give about three times as much error as the B con- 
ditions and the differences are highly significant (Table Ia). Az does not give sig- 
nificantly less error than A, but B, verbal KR, is significantly better than BI, 
visual KR. 
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TABLE 1a 
» 
TABLE OF SIGNIFICANT DIFFERENCES 


“yn b 
A—B Univ. a 4°58 < 0-001 
A—B W.E.A. .. 22-71 < 0.001 
A—AI Univ. .. 1:36 < 0-2 
A—BI „ ER 5°41 < 0-001 
B—AL es a 6-08 < 0-001 
B—Br ,„ T 3°86 < oI 
2ND SET 


Apparatus 


For all the subsequent experiments a new piece of apparatus was used (Fig. 2). The 
plunger apparatus necessarily entailed an appreciable amount of movement and the 
potentiometer was rather delicate and was frequently damaged. These difficulties 
are considerably reduced by the use of strain gauges. A piece of aluminium alloy 
(35 cm. X 25mm. x 8 mm.) was used, clamped at one end as in the diagram, and strain 
gauges mounted next to the clamp. Pressure on any part of the bar is registered. 


FIGURE 2 
To C.R.O. 


Strain gauge apparatus (front view). 


` The metal bar is solid and clamped down, making th 
, ea 
sturdy than the plunger-potentiometer apparatus, and fhe sbi eared sacle de lege 


of pressure is very small; 1,000 gm. on the end of the bar i 
; nae ~ moves it less than I mm. 
The strain gauge bridge is fed by an A-F oscillator and the output from the bridge 
passes through a stage of A.C. amplification to rectifier to a D.C. amplifier. At this point 


a thyratron-operated relay unit can be led off to o i i 
perate the neon signal lamp as in the 

pling Saga niher stage of D.C. amplifications feeds eth pen reorder unit 

and the Y plates of the CRO display. The subject sits at the table to which the strain 
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Subjects and conditions 

Using the strain gauge apparatus, a batch of three experiments using 36 subjects in 
all was carried out. As before, comparison is made between the effects of different training 
periods on subsequent test trials, although this time 50 training trials were used, followed 
by 50 test trials. 

Each experiment had three conditions and again subjects attended on three separate 
occasions. Two subjects did each of the six possible orders of presentation. All the 
experiments were concerned with variations on condition A. 

The first experiment was based on the simple suggestion that in condition A any 
advantage afforded by the availability of extra and precise information might be nullified 
by the fact that subjects had no opportunity to practise on the test condition, that is, 
without the aid of the extra cue. Thus the test condition would be completely novel after 
a period of training where a helpful cue had always been present. The three conditions 
for this experiment were then, the standard condition A, new condition B in which subjects 
had alternate trials with the screen visible and “blind,” that is, as in the test condition, 
and condition C in which five seeing trials were alternated with five “blind” trials. Thus 
in B and C the extra cue is available only on half the training trials. 

The second experiment was an attempt to tackle the problem of how informative the 
extra cue was, with the hypothesis that perhaps it gave too much information, thus 
encouraging subjects to rely on it even though they knew that they would subsequently 
have to do without it. The conditions were devised with a view to reducing the target 
tolerance required by giving a big target and a much inflated light spot. Condition A was 
almost the same as above, except that the graticule was blacked out and the subject’s 
visual data was a white target } in. with a light spot of }in. Condition B was a target of 
1 in. in the middle of the screen with a light spot ? in. in diameter and condition C was a 
target of 2 in., the middle 2 in. of the 4-in. screen, again with a large light spot. Subjects 
were carefully instructed to use the light as little as possible, but just enough to guide 
them in getting into the correct area. They were instructed not to aim specifically at the 
top, bottom or middle of the target area. 

The third experiment deals with the simple hypothesis that condition A results in 
poor learning because the subject who only practises the correct response has no chance 
to sample a range of possible responses, in other words doing the wrong thing might be a 
necessary condition of learning to do the right thing. This may be especially true of this 
kind of task where the correct response is not a discrete thing in itself but involves a 
judgement and perhaps a comparison of a range of stimulus values. Condition A was 
again used and for condition B subjects were required to press alternately at half the 
required strength and at half as much again, precise pressures being indicated on the 
screen. It was made clear to the subjects that they were practising these two pressures 
in order that they should be able to make a comparative judgement and in the test trial 
Press a little harder than the lighter pressure and a little softer than the heavier pressure, 
or in other words half-way between the two. In condition C, subjects were asked to 
practise pressing alternately to any point at which the spot of light was still below the 
centre line and to any point above the centre line. It is important to remember that in 
all these experiments the subjects were given clear instructions that it was the feeling of 
pressure which they must attempt to learn and that in the second half of the experiment 
they would have to manage without any extra cue. 


Results 


Results are summarized in Table II. The mean error scores are derived from the 
first 25 test trials after removal of extra cues for the reason that whatever the pressure 
used, 500, 750 OF 1,000 gm., many subjects produced errors greater than 100 per cent. 
and it was not possible to measure them accurately. Table IT gives the mean error 
score for 12 subjects in each of the three experiments. There are six possible orders 
of presentation of the three conditions. A first, B second, C third; A first, C second, 
B third, etc. Two subjects were used for each of these six orders. The matrices in 
Table II are set out to compare the three conditions with the three ordinal positions 
of each condition. Thus cell IA is the mean error score of those four subjects who 
did condition A on the first session and cell 3C is the mean error score of those four 
subjects who did C on the third session. x 
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TABLE II 
THREE EXPERIMENTS WITH STRAIN GAUGE APPARATUS 
Table of Mean Error Scores 


Experiment I. Intermittent feedback 
ee 


Conditions 
Order of 
presentation A B Cc Mean 
I 10°39 7'4 725 8:35 
2.. : 772 443 714 6-43 
3 -- -| 5°85 4°42 6-2 55 
Mean a 7'99 5°43 6-88 


Experiment II. Target tolerance 
ee 


Conditions 
Order of 
presentation A B C Mean 
By aa acs 10:94 11:53 8-97 10:48 
Bi xs as 6°83 4°41 9'41 6:88 
Bon oe Ir-r6 3°95 4°44 6°52 
Mean aa 9°64 6°63 7-61 


TT S 


Experiment III. Response variability 


Conditions 


Order of 
presentation A B C Mean 
i 9°56 9°22 4°79 7'86 
: we a A gre 3°91 5-75 
gi ee A 9 . 6: 
Mean L| 668 | 7a | 73% 7 


In experiment I inspection of the means give some indication that in the first 
session conditions B and C 


interest in so far as “feedback” or “reinforcement” 


Ww represents only four subjects 
be the expected trend. Overall 


two 50 per cent. feedback conditions 
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TABLE Ila 
THREE EXPERIMENTS WITH STRAIN GAUGE APPARATUS 
Table of Analysis of Variance 


Experiment I. INTERMITTENT 
OE E. O L L N 


S.S D.f. |. M.S F P 
Subjects | 45,595 II 4,145 0-982 NS. 
Conditions -.| 24,897 2 12,448 2:949 To per cent, 
Order .. =A Si54z 2 15,771 3:736 5 per cent. 
Interaction ..| 11,463 4 2,865 0-679 N.S. 
Residual ..| 67:547 16 4,221 
Total .. -| 181,044 35 


c ŘŮ———— 


Experiment II. TOLERANCE 
et E a 


Subjects sal EJAT II 15,864 6-646 o-r per cent. 
Conditions -| 35,455 2 17,727 7°426 1:0 per cent. 
Order .. -| 71,046 2 35,973 15070 o1 per cent. 
Interaction one 8,186 4 2,046 0:857 N.S. 
Residual -.| 38,204 16 2,387 

Total.. ++] 328,304 35 


a S S S ee | 


Experiment III. VARIABILITY 


L eeeeeeeeeeeeeeeeeeSSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFSFSSeF 


Subjects ..| 170,305 II 15,482 3'220 5 per cent. 
Conditions s| 25,354 2 12,677 2:637 20 per cent. 
Order .. <| 17,466 2 8,733 1816 20 per cent. 
Interaction ..| 11,459 4 2,864 0:5906 N.S. 
Residual --| 76,939 16 4,808 

Total.. sa| 301,521 35 


td dN See 


In the second experiment inspection of the means shows that the widest tolerance, 
condition C, eve slightly less error than the other two. Error on B is considerably 
reduced when given third and the same is true of C to a lesser extent. A is a little 
worse when presented last. The effect of conditions is significant at the I per cent. 
level and the effect of order of presentation is significant at the o-1 per cent. level as 
is the variance due to subjects. Observation of the subjects and their introspections 
suggests that two different methods of doing the task were employed and this depended 
partly on the condition and partly on the amount of practice. Normally subjects 
press the bar and watch the light simultaneously, but in the wide tolerance conditions 
they were able to press the bar within the tolerance limits without looking at the light, 
but checked its position immediately afterwards. Use of the latter method favours 
a much lower error score and the scatter of scores is much greater on the B and C 
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conditions and also on the second and third sessions. It is obviously easiest to learn | 


this method on the wide tolerance and it is difficult to apply the method on the 
narrowest tolerance, it thus seems reasonable to infer that the greater improvement 
of B from first to third in order of presentation is due to the previous practice on C. 
In experiment III inspection of the means 1A, 1B and IC suggests that the wider 
tolerance in C results in slightly better performance whereas there is little difference 
between A and B, both having a narrow tolerance but differing in the extent to which 
the range of pressures was sampled. Overall analysis, however, shows that the effects 
of condition and order were both insignificant with a p value of 20 per cent., but the 
subject variance is significant at the 5 per cent. level. A seems to benefit rather more 
than B by being given last and C gets worse. Since it was observed that some subjects 
picked up the method of successive attention to the kinaesthetic and visual cues as 
in experiment II any difference which might exist is probably due to the use of this 
method. It is not surprizing that C is worse when done last since subjects would 
perhaps tend to use the simultaneous attention method having had to use it on the 
two previous sessions. This inconsistency resulting in the insignificance of order an 
condition effects is in keeping with the adoption of a particular method of doing tte 
task, by some subjects, in condition C. 


3RD SET 
Subjects and conditions | 
In all the foregoing experiments the error tends to be large and positive when measured 
in scale units of the display used. A loophole in the experiments is that a different pressu” 
had to be used for each session since it was much more difficult to get a different subjecs i 
The actual pressure was tied to the order of presentation, thue all subjects learned h 
medium pressure first, the light pressure second and the heavy pressure third. In ord e 
to substantiate the impression that error was related to the visual scale rather than t0 s 
actual amount of pressure used, and thus that the linking of order with particular pres™ | 
is of no importance, the following experiment was attempted. Nine subjects were gy A 
condition A on three occasions, each time with a different pressure, each subject peing 
allotted to one of the six possible orders of presentation of these three. Due to purely 
technical reasons only nine of the Proposed 12 subjects could be tested. The result? 
however (Table III), show that none of the differences in error between pressures a 
significant when error is measured in terms of the visual display scale. Over-estimati? 


of the same order of magnitude occur whatever pressure used, thus no serious disadvant@ 
results from having pressure tied to order of presentation. 


TABLE III 
STRAIN GAUGE EXPERIMENTS 5 
Error Scores of 9 Subjects, Condition A, 500 8m., 750 gm., 1,000 gm. 
Differences 
500 gm. Mean Error = 8-08 500-750 “E = 0-57 N.S: 
750gm. Mean Error = 8-88 500-1,000 “t” =0-67 N.S. 
1,000 gm. Mean Error = 7-88 750-1,000 “t” = 1:33 N.S 


; | 
The last experiment concerned the extent to which the extra cue was used to cont 
the ongoing response and 12 Subjects were given condition A with the difference that tp 
were required to tap rather than apply a steady pressure to the bar. This conditio ot 
compared with the giving of verbal feedback in terms of “too hard,” “too soft” and ‘ ia 
right” immediately following each response in the training trials. The “just UBi he 
response corresponded to + or — x degree on the paper record or + or — 2 degrees 01 Yd 
screen which the subjects could not see. Twelve subjects were tested, half having viS i 


feedback and half verbal feedback first. All the subjects learned 500 gm. follow 
1,000 gm. on each of the two sessions. 
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TABLE IV 


ERROR SCORES OF 12 SUBJECTS TAPPING AT 500 
AND 1,000 GM., ĪMMEDIATE VISUAL FEEDBACK 
AND VERBAL FEEDBACK 


500 I,000 
Visual 1st 25 Ing I-49 
2nd 25 1-96 I-94 
Verbal st 25 0-6 0:66 
2nd 25 086 0-22 


The only significant difference between visual 
and verbal is in the 2nd 25 and 1,000 gm, 


Results 


The results can be seen on Table IV. Errors were far smaller than with other 
A conditions, with very little difference between the visual and verbal feedback. 
The table shows the average error above the target, but since some of the errors were 
under-estimates, the means were compared by “t” test of the total magnitude of the 
response, This is a little more realistic perhaps when the error is so small, since it 
shows that the total amount of pressure applied was not significantly greater except 
towards the end of the test at the heavy pressure. 


A proprioceptive illusion 


There is one more result which, for all that it is an observation rather than an 
experiment, is probably the most significant. As has already been pointed out, 
condition A invariably produces gross errors of over-estimation. Many, but by no 
means all, subjects make two remarks about this condition. The first is that right 
at the beginning of the test trials they feel “lost” and the second is that the bar feels 
much stiffer in the absence of the visual display. “It is as though something had 
happened to the bar, it felt resilient when I was watching the light, but when the light 
was covered up it felt stiff.” 

During the initial setting up of the apparatus we had some trouble with the 
amplifiers and quite by accident got a condition where the light spot responded 
linearly to pressure but stopped suddenly half-way up the screen. The effect on the 
operator is most striking. As the light stops moving, the metal bar appears to stop 
moving. There is a strong impression that a mechanical stop has been introduced 
and the impression can only be described as a sudden jolt felt in the fingers. The 
effect is present in both experienced and naive subjects and appears to be relatively 
independent of factors such as the amount of practice and set. Whilst the effect is 
less striking if the moving light simply passes behind a screen, there is no doubt that 
the bar feels stiffer generally without the light than with it. 


SUMMARY OF RESULTS 


(1) When Knowledge of Results is provided in a fairly precise form of scale 
readings given either verbally or visually upon completion of the response, subjects 
can learn to apply a fairly precise pressure and the ability to reproduce this pressure 
declines gradually over a number of trials after KR is no longer applied. There is 
only a slight difference between older and younger subjects. 

(2) If a supplementary cue (either a single light indicating the correct pressure or 
a moving light giving precise and immediate error indication) is present, subjects 
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still perform accurately during training trials, but on removal of the supplementary 
cue subjects become immediately less accurate and within a few trials are pressing 
at about twice the required pressure. 


(3) If the supplementary cue is present only on 50 per cent. of the training trials 
either on alternate trials or alternate blocks of five trials, the error in the test trials 
is reduced. 


(4) If target width is increased, error tends to be less on removal of the supple- 
mentary cue, but this is attributable to a change in method in some but not all 
subjects. 


(5) If training consists of practice with a range of pressures, the error is less ON 


removal of the supplementary cue only if the precision of the required response is also 
reduced. 


(6) The error on removal of the supplementary cue tends to be related to the 
visual scale rather than to absolute pressure used. Thus a pressure of 500 gm. WI 
be over-estimated by about 500 gm. and 1,000 gm. will be over-estimated by 1,000 g™- 


(7) Where the required response is a ballistic tap as opposed to a steadily applied 
pressure, the supplementary cue produces no better and no worse retention tha? 
knowledge of results in terms of “too little,” “too much” and “just right,” except 
towards the end of unaided practice with a heavy pressure. 


(8) On removal of the supplementary cue, subjects ( 
gauge was used) characteristically report (a) 
and (b) that the bar has “gone stiff.” 


(9) In the presence of the moving light, the strain gauge bar is estimated to mov? 
more than it actually does. If the moving light is suddenly stopped whilst thé 
subject is pressing on the bar, there is a strong impression that a mechanical stop h 


been introduced in the bar. The impression of sudden change in the flexibility of the 
bar appears as a jolt felt in the fingers. 


especially where the strain 
that they immediately feel lost or confused 


Discussion 


The results of these experiments give considerable support to the contention that 
the perceptual aspect of a task is of over-riding importance in learning. To repe? 
a precise response is not a sufficient condition for learning that response even if th? 
response is known immediately by the subject to be correct. 

The literature contains precedents for this finding (Carr, 1930; Seashore 
Underwood and Berks, 1949; Houston, 1947; Lincoln, 1954) which have been sun” 
marized by Miller (1953). The A conditions by providing simultaneous feedback 
during the course of the response not only give extra information about the response 
but also permit its modification. For this situation, Carr has used the term “guidance Å 
and Miller the term “action feedback.” The reasons why guidance or action feedba® 
is detrimental to learning are far from certain, although a number of plausible 
suggestions may be made. It could be asserted, for example, that “negative” pract!© 
is essential, because the subject is not simply trying to learn “a response” but rathef 
to distinguish this response from a class of similar responses. However, experiment 


(second series) reduces the plausibility of this explanation at least for the prese” 
situation. 


Miller puts forward the suggestion that tra 


n 
inees will be tempted to rely on “good 
cues and will naturally perform badly when 


these are removed. In this way g0° 
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performance during practice is incompatible with good performance on criterion trials 
and trainees, he suggests, should be motivated to learn rather than simply motivated 
to get high scores during practice. In the present study there was little sign of 
this attitude on the part of the subjects. They all knew that they would have to 
rely solely on the kinaesthetic cue and were attempting to learn the correct “feel.” 
It would appear from the present study that factors other than set induced by 
instructions are operating. 

A third possibility is the tentative hypothesis that the redundancy of some cues 
relevant (initially) to a skilled performance will depend on the subject’s ability to 
predict them and that this will occur if the relevant cues are serially ordered but not 
if they occur simultaneously. The result lends some support to this hypothesis, which 
is in line with the evidence on the difficulty of establishing simultaneous and backward 
conditioning (Wolfe, 1932; Kimble, 1947; Fitzwater and Reisman, 1952). Further 
indirect support for this hypothesis is found in the result of experiments 2 and 3 
(second series). In these instances a wide target tolerance during the training trials 
enabled some, but not all subjects to adopt the method of successive attention to the 
two sets of relevant cues and this resulted in better retention on removal of the extra 
cue. This result suggests a parallel with Broadbent’s work on two channel listening 
(Broadbent, 1957) though in his experiment the two channels were carrying indepen- 
dent messages and in the present experiment the two channels carry information 
which is closely correlated. 

_ The simplest hypothesis which might be advanced to account for poor retention 
in the A conditions is that subjects were simply unable to attend to the two sets of 
cues simultaneously, but here again there are difficulties, for the evidence might 
equally well support the hypothesis that simultaneous attention can and does occur, 
but that this results in an interaction of the two sets of cues. If subjects perform 
poorly on withdrawal of the visual cue simply because they have been attending solely 
to it and had, therefore, no experience of the “feel” of the bar one could not predict 
the direction and extent of subsequent errors. If a subject is asked to estimate 
something which he has never experienced his estimates might not be random, he 
might make a guess and repeat this estimate, but one could hardly expect that all 
subjects would make errors of approximately the same extent and in the same 
direction. The fact that they do so suggests that subjects are estimating something 
which they have experienced, but that this experience has been systematically dis- 
torted. The subject’s remarks and introspections add some support to the latter 
interpretation, All subjects could apparently feel the bar in the presence of the 
visual cue and in fact often reported that when the visual cue was removed, the “feel” 
of the bar changed. There is also a theoretical reason for rejecting the attention 
hypothesis. As was suggested in the previous paragraph, the difference between the 
present case and the normal two channel listening situation is that in the latter, two 
independent messages are involved. Here, however, there is a one-to-one correlation 
between the visual and the kinaesthetic data. A source of information, as distinct 
from the locus of a message, is a single source of variation, thus the same message can 
be presented on different modalities and different messages can be presented on the 
same modality. As Broadbent has pointed out, difficulties of attention arise rather 
in the case of two independent sources (in this sense) than in the case of two indepen- 
dent modalities, thus we would not in this case expect a conflict of attention. The 
protocol strongly suggests that the two simultaneously presented sets of data interact 
such that the kinaesthetic stimulation is distorted during the training trials. A large 
body of literature on sensory interaction (Ryan, 1940; Gilbert, 1941; London, 1954; 
Symons, 1954) contain examples of both facilitatory and inhibitory intermodal effects. 
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It might be suggested that the presence of the visual stimulus inhibits pressure sensa- 
tions, thus on removal of the visual stimulus pressure, sensations are fully restored 
and the bar becomes stiff. However, if this were the case, under-estimations of the 
required pressure would be expected. A facilitatory interaction fits the facts more 
closely. In the presence of the visual stimulus, the bar appeared to move through a 
greater distance than was the case. When the visual stimulus is withdrawn, subjects 
have to exert more pressure in order to reproduce the same apparent movement. This 
intensifies the concomitant pressure sensations, and hence the bar feels stiffer. The 
subjects were confused by the contradiction between pressure and movement sensa- 
tions, and, despite instructions to reproduce pressure, tried to reproduce the same 
apparent movement. It is a matter of some interest that the effect occurs, though 
to a lesser degree, when the visual cue is a stationary light, thus we cannot conclude 
that movement in the bar is simply “inferred” from movement in the visual stimulus. 
The evidence would appear to support the hypothesis that the two simultancously 
presented sets of data interact such that movement sensations are facilitated. This 
interaction would appear to follow the correlation of the two sets of data. Ryan, in 
reviewing intersensory effects, remarks that much of the work concerns interaction 
between neutral stimuli and points out that the co-operation of correlated stimuli 
offers a more realistic and more interesting field of study. If the present results do 
indicate a genuine intersensory effect, it would appear to be of the latter kind. 

Mention should be made of Grindley’s finding (Dees and Grindley, 1951) that 
overshooting is greater the shorter the interval between trials. The t 
tion was based on the interval between trials, but it is also the case that the feedback 
signal, the “result,” must follow the response very quickly when the time interval Ï 
as short as 1-8 sec. This condition approaches closely the immediate feedback in tH? 
present experiments, and it might be suggested that overshooting is due to this fact 
rather than simply due to the spacing of the responses alone. It has been argue 
elsewhere (Annett and Kay, 1957) that Miller’s distinction of action feedback and 
learning feedback might break down in rapidly succeeding trials, and it is certainly 
the case that the more closely trials follow each other, the more pronounced are the 
characteristic features of action feedback, namely rapid learning and rapid “forget 
ting. This question cannot be considered satisfactorily settled, however, in view 0 
the finding in the tapping experiment, where the visual cue was virtually immediate 
but was not used for controlling the response. Little difference was found betwee? 
ordinary knowledge of results and the use of the immediate visual cue. It may be 
noted in passing that the optimal time lag between UCS and CS in ‘conditioning 
experiments is generally agreed to be of the order of 0-5 sec. and that the time involved 
in the tapping experiment between the initiation of the movement and its result, 
pis be considerably less, perhaps of the order of no more than 0:05 sec. 

n conclusion, the original hypothesis about the timing of feedback is sustained 
al of simultaneous feedback results in a much greater loss © 
ee ee of feedback which has been delayed. Furthermore, retentio® 


here the subject can deal with si ively: 
. F simultaneous data successive!) 
and subjects tend to adopt this method wherever conditions allow them to do so. 


entative explana 


in so far as the withdraw 
accuracy than withdrawl 
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ON THE REDUCTION OF CHOICE REACTION TIMES 
WITH PRACTICE 


BY 


G. H. MOWBRAY and M. V. RHOADES 


From the Johns Hopkins University Applied Physics Laboratory, 
Silver Spring, Maryland* 


Information theory concepts have been discussed in relation to data from choice 
reaction time experiments. Specifically, it has been stated that choice reaction time 15 
proportional to the logarithm of the number of randomly appearing alternative stimuli. l 
It is suggested that the reported increase in choice reaction times with an increased number 
of alternatives is the result of insufficient practice. Data are provided to show that, wil! 
sufficient practice, this increase does not occur between two and four choices. 


INTRODUCTION 
In recent years there has appeared a revival of interest in choice reaction time 


brought about in large measure by the attempted application of communicatio? 
theory techniques to the analysis of human behaviour. Bricker’s excellent review ° 
pertinent research states the case for the information theorist in a convincing manne! 
(Bricker, 1955). For the purposes of the present discussion, the relevant material ! 
that review concerns the allegation that disjunctive or choice reaction time is dire¢ 
proportional to the information contained in the stimulus. The first to point this 0" 
was Hick (1952) using his own data and data collected by Merkel (1885) many yee 
previously. Hyman (1953) and Crossman (1953, 1955) have subsequently provi e 
supporting data. All of these researches show, in general, that choice reaction time 
is proportional to the logarithm of the number of randomly appearing alternativ? 
stimuli. The most general hypothesis generated from a consideration of thes? 
experimental results is stated by Bricker (1955) to be, “. . . that average reactio? 
time, unless otherwise restricted, is an increasing linear function of the average amou? 
of information transmitted from the display to the response.” 

This hypothesis can be useful, as stated, only if choice reaction times do not chang? 
substantially with practice. Hick states that he found very little improvement wit 
practice, However, data from Merkel that he cites, collected 65 years earlier, | 
exhibit practice improvement. Hick suggests that this improvement may have bee 
due to easily learned presentation sequences. It may also have been due simply 
practice. Woodworth (1938, p. 331-2) states that the disjunctive reaction ti 
becomes quicker with practice, but that there is no evidence that it ever becomes * 
rapid as the simple reaction time. He cites nothing but very ancient data to suppor 
this position. More recently, short-term improvement of choice reaction times W! | 

r 
| 


practice has been demonstrated by several researchers, while Leonard has produce 
data that exhibit marked improvement with practice over a rather extended perio 
of time (Klemmer and Muller, 1953; Leonard, 1954; Alluisi and Muller, 1980): 
Table I shows how Leonard’s reaction times for three choices and for six choi 

decrease with practice, and more importantly, how the difference between the a 
conditions of choice decreases in an almost linear fashion as practice increas?” 


* This report was prepared under Contract NOrd 7386 between the Bureau of Oranan” 
U.S. Navy and The Johns Hopkins University. 
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Leonard concludes from these data that a clear difference exists between reaction 
times for six choices and for three choices after extended practice. What is not so 
clear, however, is whether this difference would still exist if practice were extended 
until reaction times for the two conditions of choice had ceased to decline. 

Superficially it might seem that learning to move one of ten fingers in response to 
a signal is not a task that would require a great deal of training. It has often been 
pointed out in the past, however, that the execution of even simple skills continues 
to improve with practice over periods of months and sometimes years (Woodworth, 
1938, p. 156; Wolfle, 1951). More recently Crossman (personal communication) has 
reported that the time taken by operators in an industrial plant to perform a relatively 
simple, manual operation involving a decision was still decreasing after a million 
repetitions. 

In view of these considerations it seems unlikely indeed that choice reaction times 
are immune to significant reductions with extended practice. It is even conceivable 
that with enough practice there is no such thing as a choice reaction time, but that 
choice reactions are reducible to the basic reaction time regardless of the number of 
alternatives provided. 


APPARATUS AND PROCEDURE 


_ The equipment used in this experiment was similar in many respects to that used by 
Hick in his choice reaction time experiments. Stimulus lights were small pea-lamps 
activated by a teletype tape transmitter according to a binary code punched in the tape. 
The tape transport mechanism was programmed to present a new stimulus every 5 seconds. 
The response keys were round, plastic buttons about } in. in diameter with a slightly 
CONCAVE top: They operated normally-closed, spring-loaded microswitches. A force of 
5 &rams applied vertically was sufficient to actuate the switches. The wiring circuit was 
So arranged that when any one of the stimulus lights was energized, depression of the 
correct response key extinguished the light. Speed of reaction or the reaction time was 
measured by a Standard Electric Timer Type S-1, activated by the stimulus light circuit 
and stopped when the normally-closed microswitch, associated with the correct response 
button, was opened. Reaction times were recorded to the nearest 10 milli-seconds. 

, The physical layout of the equipment is illustrated schematically in Figure 1. The 
stimulus lights were positioned on the display panel in accordance with the arrangement 
oA the response buttons, except that they were approximately 45 deg. from the vertical. 
bate Were each about 0-25 in. in diameter and were much closer together than the respos 
so thath The line of sight distance from the subject to the display lights was about 30 1n., 

at eye movements were virtually unnecessary. 


While the apparatus described above is capable of handling up to ten choices, the 


present experiment was concerned with only two different conditions—namely, 
reaction times to two choices and to four choices. For these conditions, the ae 
and second finger of each hand were used. For the two-choice condition, the two index 
fingers were used, while for the four-choice condition all four fingers were, of course, 
required. y 

For the two-choice condition, stimulus sequences were 200 stimuli in length, 
whereas for the four-choice condition they were 400 stimuli in length. Initially, five 
tapes were made for each condition, each with a completely different sequential orde 
The order of the stimuli on all tapes was established by drawing lots with two e 
tions imposed. In the first place, equality of stimuli was maintained; so that o FA 
choices, 100 responses were required of the index finger of the les er, em 
responses were required of the index finger of the right hand. ane =k appear 
tion relates to the number of times that a given stimulus was allowed ee ae E 
without a different stimulus intervening. In all cases this number was 
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Stimulus lights 


action keys 


A view of the reaction time apparatus used in the experiment, 


three. Although the sub 
that he became aware of it 


the four-choice data. 

In spite of the care taken in cons 
subject had no knowledge of whict 
possible that some learning of the se 


tructing the stimulus tapes and seeing that the 
n tape was being presented, it was considere 

gee could take place. To test this possibility, 
re or each condition and were substituted for the 
original ones about half-way through the experiment, Analysis of the data from th@ 


new tapes provided no evidence whatsoever that any learning had occurred. 


— 


EFFECT OF PRACTICE ON CHOICE REACTION TIMES IQ 


The experiment was divided somewhat arbitrarily into 15 replications, or trials. 
Each replication consisted of one run-through of every tape for both conditions. This 
represents a total of 3,000 reaction times per trial, or 45,000 reaction times for the 
whole experiment. The two-choice and four-choice conditions were alternated 
throughout, and all stimulus sequences for the two conditions were introduced bya 
short practice period. 


TABLE I 


MEAN CHOICE REACTION TIMES AND NUMBERS OF REACTIONS 
FOR THREE CHOICES AND SIX CHOICES AS AFFECTED BY 
PRACTICE. TIMES ARE IN MILLI-sEconps. (After Leonard, 


1954) 
Number of choices 
Amount of j) Difference: 
practice 3 6 6 minus 3 
RT 261 323 
May 62 
N 1,152 575 
RT 268 319 
September st 
N 576 576 
RT 249 204 
December 45 
N 1,152 1,104 


Only one subject was used for the entire experiment. He was a young college 
Student—22 years of age—who had participated previously in a rather lengthy choice 
reaction experiment involving as many as 20 degrees of choice. He had no knowledge 
of the aims of the research under discussion. He was a very conscientious and 
Co-operative subject and was given encouragement frequently to keep his motivation 
pe aS possible during this exceedingly tedious task. His instructions were us 
rest an ey as possible to all stimuli, making as few errors as he could. ee 

E Es 7 Were given and no single experimental session lasted longer than ae ae 
hand we “yzing the data, only the reaction times from the index finger of the le 

and were'used. Each condition, then, provided a total of 7,500 reaction times—or a 
fi ia Tate nt 15,000, from which were subtracted all errors and all reaction times 
pity following three identical presentations in the two-choice condition. Errors 
averaged a Me whole less than 2 per cent. throughout the course of the experiment, 
and were omitted from the calculations of mean reaction times. x 


RESULTS ‘ A 

Figure 2 shows a plot of the mean reaction times for two choices and for four choices 

as a function of the trial number. Only the first three and the last three trials have 
been plotted since what happened in between is simply more of the same. Each data 
point in Figure 2 represents a mean of approximately 500 reaction times. There T 
two things of immediate interest to be noted. First and foremost is the fact that 3 
difference in reaction times between two choices and four choices after 13 trials is to 
all intents and purposes reduced to zero, Of great interest also is the fact that reaction 
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Trial number 
Mean choice reaction times for two choices and four choices as a function of the 
number of trials, 


times were still decreasing slightly after 15 trials. This was true, at least for the fout- 
choice situation, but for two choices it seems possible that an asymptote was reached 
on the third trial. It would have been worthwhile, perhaps, to pursue the matter 
further, but unfortunately the end of the school term interrupted the research. The 
experiment was begun in January with the thought that the period from January 
through May would be sufficient to show whatever result was to be shown. In onè 


sense it was, but in another sense a longer experiment would have been useful i? 


showing the number of reactions required for no further reduction in reaction times 
to occur, That reaction times were still decreasing after so many thousands 0 
reactions is significant also in view 


of the fact that the subject was a highly practiced 
one when the experiment began. This is evidenced in part by the mean differenc® 
between reaction times for two choices and for four choices on the first trial, shown 1” 
Figure 2. The difference here is only some ro milli-seconds. Practice reduces thé 
times for two-choice reactions at a 


faster rate than it does for the four-choice reactions 
as can be seen by the difference b 


S etween the two conditions on the third trial, This 
difference is almost 30 milli-seconds. 


TABLE II 


TIMES AND STANDARD DEVIATIONS FOR Two AND 


ECTED BY THE NUMBER OF PRACTICE TRIALS. 
TIMES ARE IN MILLI-SECONDS 


MEAN CHOICE REACTION 
Four CHOICES as AFF 


4 Numia Number of trials 
choices I 2 3 13 14 15 
F Mean 293 255 232 232 226 218 
. o 645 65-1 52-4 36-3 35°9 33°6 
Mean 303 272 261 234 226 222 
a o 7-2 540 53°3 46:8 37°3 34°7 
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Another result worth mentioning is shown in Table II, where the mean reaction 
times and standard deviations are given for the data plotted in Figure 2. Itis evident 
that the standard deviations display the same tendencies as the mean reaction times. 
Thus, after 15 trials and many thousands of reactions, the variability of the subject 
was also still decreasing. 

TABLE III 


PER CENT. CHOICE REACTION TIME ERRORS 
FOR Two CHOICES AND Four CHOICES AS A 
FUNCTION OF AMOUNT OF PRACTICE 


Number of choices 

Trial 2 4 
I 1'5 o8 

5 1-6 0-6 
10 ro o6 
15 03 o4 


Table III shows the percentage of errors committed throughout the course of the 
experiment, Errors, in this case, consisted entirely of inappropriate responses to the 
light stimulus and, as might be expected, tended to diminish in number as responses 
become more and more practiced. Thus as variability of response decreases, the 
tendency to make mistakes decreases likewise. 


DISCUSSION 

A It seems fair to say, in view of the results presented, that choice reaction times are 
significantly affected by practice. Furthermore, strong evidence has been advanced 
S Support the thesis that with enough practice there may be no increase in choice 
hee times as the number of alternative stimuli is increased. This at least seems 
There Tue enough when the number of alternative stimuli is increased from two to four. 

appears, on the face of it, no reason why the same might not apply for any 
reasonable number of alternative stimuli provided both time and energy to pursue 
the matter are available. 

, Ultimately there must come a point in choice reaction time experiments when a 
lifetime 1s not long enough to provide all of the practice necessary to reach a physi- 
ological limit. But for that to happen it is likely that the stimulus display system 
and the response System would have to be so physically large and complicated that 
many other factors not directly related to reaction times per se would intervene. Such 
things as gross eye movements and gross limb movements come to mind. For the 
purposes of this discussion it has to be assumed that such factors as these are 
negligible. 

_ Leonard's (1954) data, while inconclusive by themselves, tend to suggest that the 
difference between six choices and three choices might disappear with enough effort. 
Leonard himself, was led to remark that the difference between six choices and three 
choices, was smaller than data available at the time had led him to expect. He was 
Prepared, on the basis of this finding, to doubt Hick’s constant rate of gain hypothesis 
when a much more fundamental doubt should have arisen; namely, that the basic 
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assumptions underlying the whole scheme were shaky. Unless reaction time —_— 
with increasing alternatives of choice, there is no case to be made for the use X 
information theory concepts in the analysis of choice motor responses of this sort. 
To be sure, as Hick and others have shown, data from subjects who have not over- 
learned their task do fit a logarithmic function when number of alternatives is plotted 
against reaction time. But, as Cronbach (1955) has pointed out, a curve fitted by 2 
logarithmic function can always be fitted by a polynominal and by some other 
relations as well. 

Bricker, in the review quoted earlier, cautions against the general use of the 
expression, RT = a + b log N, to predict choice reaction times since so many factors 
of known importance are omitted. He lists such things as stimulus discrimin- 
ability, response difficulty and stimulus response compatibility, but there are many 
other as well—not to mention the serious effect of extended practice. All of this 
serves to point up a fact that has been known for some time. Disjunctive reaction 
times are exceedingly complex and any predictive equation, to be valid, must include 
a great many more factors than just the number of choices available to the 
responder. 

There has been a suggestion in the past that errors tend to increase with 
practice in choice reaction time tasks (Leonard, 1954; Deininger and Fitts, 1955): 
Klemmer (1954), however, provides information to the contrary, and this experiment 
has shown that errors certainly do not increase with increasing practice but may, i? 


fact, decrease. Any other result would seem to be logically and experientially 
difficult to justify. 


In conclusion, let it be made clear that t 
the use of communication theory in the 
rather is to point out some of the shorte. 
as analagous with a collection of elec 


his is not intended as a condemnation of 
analysis of human behaviour. The intent 
omings associated with considering the huma” 
trical and mechanical elements whose desig? 
characteristics are inflexible. The human observer is adaptable—just how adaptable 
is in most cases unknown since very rarely is he extended to the limit. However, 


before any quantitative generalizations about his behaviour can be made, his limits 
must be carefully delineated. 
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VISUAL DISCRIMINATION OF SHAPE BY OCTOPUS 


Circles and Squares, and Circles and Triangles 
BY 


N. S. SUTHERLAND 
From the Institute of Experimental Psychology, U: niversity of Oxford 


An investigation of the relative discriminability of circles and squares, and circles and 
triangles for octopus is described. The main findings were: (1) The three pairs of fpa 
circle and square with base horizontal, circle and square with base at 45° to the 
horizontal, circle and equilateral triangle were equally discriminable for the octopus 
(2) Complete transfer occurred to larger and smaller figures. (3) No transfer vecuma 
from a square in one orientation to a square rotated through 45°, nor did training ieee 
the square in one orientation lead to any saving when the discrimination was relearnec 
with the square in the other orientation. (4) No transfer occurred from a square to @ 
pentagon. (5) The method of training with reward on every positive trial leads to quicker 
initial learning of a discrimination than training with reward only where the positive figure 
is attacked, but discriminatory performance with the two methods approached the same 


asymptote, The results are in agreement with findings with other animals where these 
are available for comparison. 


INTRODUCTION 
The primary purpose of the experiments to be re 
further the capacities of Octopus vulgaris Lamarck i 
shapes. In particular, the relative discri 
Squares and circles was investigated and 
of the shapes in terms of which the octopus was disc 


tests. In addition, a comparison was made of the re’ 
training methods in order to serve as 
of the findings will be examined in 

The relative discriminability of squares and circles, and of triangles and circles is 
of some theoretical interest since it is often assumed that animals have more difficulty 
discriminating the former pair of 


i figures than the latter (e.g. Deutsch, 1935), though 
the only evidence for this comes from rats. 


the discussion, 


, EXPERIMENTAL METHODS 
Subjects 


The subjects were r 
Naples, and weighed 25 


4 Octopus vulgaris Lamarck. They were obtained in the bay of 
of catching octopuses a: 


0-500 gm. when brought in from the sea. For details of methods 
nd their habits v. Boycott (1954). 


Pre-training 

Octopuses were kept in individual tanks, at one end of which a “home” was constructed 
on the floor, Subjects were given three days to adapt to the tanks, two days learning í 
take pieces of sardine, and two days learning to attack the positive shape before dis- 
crimination training began. F i ini 


while in the water. The shape 
shapes used in the initial trainin 
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were all 25 sq. cm. in area. Animals were trained to attack one shape (the positive shape) 
and not to attack another shape (the negative shape). If an animal attacked the positive 
shape within 30 seconds of its entering the water, it was rewarded with a piece of sardine 
weighing 6 gm. If an animal attacked the negative shape within 30 seconds of its entering 
the water, a 10-volt A.C. shock was delivered to its mantle by means of a pair of electrodes 
on the end of a probe. All animals received ten training trials (five positive and five 
negative) a day for 12 days. In the training of group I on any positive trial on which an 
animal failed to attack within 30 seconds, it was presented with a piece of sardine shown 
together with the shape, at the end of 30 seconds and an attack invariably ensued. For 
this group trials were given in pairs (one positive and one negative) ; which shape was shown 
first was varied in a random way from one pair of trials to another. The two trials com- 
posing a pair were separated from one another by intervals of 15 minutes, and pairs of 
trials were separated from one another by intervals of 2 hours. The other two groups of 
animals (groups II and III) were not presented with a piece of sardine on any positive 
trial on which théy failed to attack within 30 seconds. Their ten daily trials were given 
at intervals of approximately 50 minutes throughout the day. These training methods 
will be referred to as Methods A and B respectively. 


Scores 

Any attack on a positive shape within 30 seconds was counted as a correct response. 
Any failure to attack a negative shape within 30 seconds was counted as a correct response. 
Scores are given in terms of the percentage of correct responses to total trials. All 
Statistics were worked on the raw data. 


Transfer tests 

, Some animals were given transfer tests interspersed with days of retraining on the 
original shapes. On transfer tests no rewards or punishments were given. The transfer 
test shape remained in the water for 30 seconds, unless it was attacked earlier when it was 
withdrawn on being attacked. Two methods of giving transfer tests were used. In method 
A, ten transfer tests were given on any one day of transfer testing, five with a shape 
expected to be equivalent to the original positive, five with a shape expected to be 
equivalent to the original negative. Transfer test trials were separated from one another 
by about 50 minutes. In method B only one transfer test shape was used on any one 
day, and four trials were given with that interspersed with eight retraining trials on the 
original shapes, involving reward and punishment. Each trial was separated by about 
5° minutes from the next trial, 


TABLE I 
RESULTS OF INITIAL TRAINING: Days 5-12 


E a 


Per cent. correct responses 
Training shapes 
Training Pa ar tla at Individual Group 
Group | Animal method + — animals average 
a A o (m 59 
2 A O im 55 
I 3 A re) 5 66 70 
4 A ia] O° 82 
2 A g O 70 
6 A © re) 86 
7 B 73 
1 8 B 2 a i 68 
9 B > O 64 
Io B o À J6 
Ir B ad Vv I 
= 12 B © < br 66 
13 B A o 60 
i B v O 63 
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Experimental design 

Owing to shortage of tanks, the original experimental design was not completed. 
Group I (six animals) was trained to discriminate between a circle and a square by training 
method A; group II (three animals) was trained to discriminate between a circle and & 


square by training method B; group III (five animals) was trained to discriminate betwee? — 


a circle and an equilateral triangle by training method B. Originally it had been planne! 
to have eight animals in each group; however, the results obtained with the smaller groups 


are sufficiently consistent to make them worth reporting. The word “square” is to be = 


taken to include both a square with base line horizontal (“normal square’) and a square 
inclined at 45° to the horizontal (“diamond”). For different members of each group 
different orientations of the square and triangle were used, and different members of e@¢ 


group were trained positively and negatively on the circle. Full details are show? in 
Table I. 


FIGURE 1 
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Initial learning. 


N : Resu 
Initial training of groups I and II = | 
Figure 1 shows the learnin an 
_ Figu g curves for the three groups. All s learn? yo 
nee It is apparent that at least after the first fon days a th first i 
ere is very little difference in the performance of groups I and II. Grouf sy 


A responses, group II 68 per cent. correct over the ~ ef 
eight days (Table I). There is a considerably larger difference in performance ov if 


3 taining: for these days grou er | 
53 per cent. _Although this latter dieren ts ioe ef apy the sm 
a a n krop T it is in the expected direction Since ee TI wet? i 
q every positive trial but only on positive trials on whi h they attacke® y 
shape within 30 seconds the association of Tew zi veh ay Y 
have been less strong for them during the early iak a iis Sieny meake at 
for during later trials when increased hunger increases the tendenc attack. ve 
this was in fact what was happening is indicated by the figures for the total nf 
of attacks on the two shapes combined: group I averaged 5-4 attacks per octopts i 


day over the first four days, and 4-1 over the last eight days; group II averag® 
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attacks over both periods. Thus, making it impossible for the octopus to obtain food 
unless it attacks the positive shape within 30 seconds seems to lead to fewer attacks 
during the initial training period (and consequently to a lower level of correct 
responses), but it helps to maintain the level of attacks over the later part of training. 
The fact that the poorer initial performance of group II is accompanied by a lower 
level of attacks means that the difference in performance is not to be explained by 
the fact that trials are paired for group I and not paired for group II. Pairing of 
trials should lead to a lower level of attacks, since attacks on the second trial of a pair 
are reduced (Sutherland, 19572). 

Granted that the different methods of training have not influenced scores over 
days 5-12 of training, we can compare some of the subgroups for these days, making 
use of the scores of all nine animals in the two groups. Individual animal's scores for 
these days are set out in Table I. The score for animals trained positively on the 
circle was 63 per cent., that for animals trained positively on the square 74 per cent.: 
the difference is not significant (t = 1°8, d.f. = 7, P>o-t). There is less difference 
between the subgroup trained on diamonds and the subgroup trained on normal 
Squares—scores were respectively 72 and 66 per cent. 


Transfer tests and further training of groups I and II 
(I) Transfer to different sized figures. Of group I only the two animals with the 
highest scores (4 and 6) on the initial discrimination training were used in transfer 
tests. They were given four days’ transfer tests with larger and smaller shapes by 
method A of transfer testing interspersed with days of retraining on the original 
shapes. During two days’ transfer tests with larger shapes (area 36 sq. cms. as 
against 25 sq. cms. for the original shapes), they attacked the square (the positive 
Shape) on 17 out of 20 presentations. During two days’ transfer tests with smaller 
Shapes (16 sq. cm.) they attacked the square on 19/20 trials, and the circle on 2/20 
trials. The levels of correct response for larger and smaller shapes are respectively 
90 and 92 per cent., and this is slightly above the level of accuracy which they main- 
tained with the original shapes on the retraining days (86 per cent.), so that complete 
transfer was evinced. In two days of transfer tests by method A the three animals 
of group II (nos. 7, 8, 9) scored 77 per cent. correct responses on larger and smaller 

ures: again transfer occurred without any loss of accuracy. é 

da (2) Transfer to new orientations. Animals 4 and 6 of group I were now given two 
YS transfer tests by method A, with the original circle as one shape, and the square 
shown in the opposite orientation to the one on which they were trained as the other 
(i.e. animal 4 was shown a diamond, animal 6 a normal square). Out of 20 trials with 
each the circle was attacked only twice, the rotated square II times. The small 
number of attacks made on the rotated square is in marked contrast to the number 
of attacks made on the original square in the intervening day’s retraining (19/20), and 
to the number of attacks made on larger and smaller squares reported in the previous 
paragraph. y? for the difference between the ratios of attacks to trials with the 
square for the transfer tests and the day of retraining is 65 (df. =1, P<0:02). 
Thus the animals were attacking the rotated square significantly less often than the 
original square. As a further test for transfer to rotated squares, two more days 
transfer tests were given in which the circle was shown on half the trials, and over 
the remaining trials both the rotated and the original square were presented. The 
circle was attacked 3/20 trials, the original square 8/8 trials, and the rotated square 
7/12 trials. Since in both sets of transfer tests the proportion of attacks made on 
the rotated square is midway between the proportion made on the circle and on the 
original square, there is no evidence for any transfer from the original square to the 


28 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


: E Ere ; new 
square in its new orientation. From other i pear p be pets s Ree a i nae 
figure is shown to which no transfer would be expected, the n E E 
on it tends to fall about midway between the number made on the ae ai 
figure and on the original negative io (e.g. transfer from vertical and ho 
triangles, Sutherland, 19574). oe: oe. i 
A ear there would be any saving in training to dierami 
rotated square from a circle, through having learned to discriminate a bese f 
square from a circle, animals 4 and 6 were now retrained to discriminate = wee 
rotated square (positive) and a circle (negative). In six days’ training by the m etl 
by which they were originally trained, they averaged 68 per cent. correct ney date 
the same animals had averaged 72 per cent. correct response over the first six il 
of their original training. Retraining was then continued with the other sal 
method, i.e. spaced trials and no reward unless the positive shape was attacke m E 
30 seconds. Discrimination rose to 87 per cent. correct responses by the ei i 
14th days of retraining. Two days’ transfer tests were then given by method tials, 
animals attacked the rotated square on which they had been retrained on 1 5/16 vet 
the circle on 14/16 trials, and the original square on 16/16 trials, although no ete 
was given in connection with the original square and they had not been presen aa 
with it for the 14 days preceding the transfer tests. It is to be concluded that ha’ not 
learned to discriminate a square in one orientation from a circle, octopuses So a 
transfer to a square in another orientation, nor does the learning of the discrimina a 
with the square in one orientation facilitate the learning of the discrimination Ei 
the square in the opposite orientation. However, the discrimination with inal 
square in its new orientation may be relearned without interfering with the orig 
discrimination. al 
(3) Transfer to pentagons. The two animals of group I (4 and 6) and two anim! p 


0) 
from group II (8 and 9) were given transfer tests by method B with a regular pentag s 
of the same area as the squares and 


always oriented with its base horizont: 
the squares were attacked 16 times, the circle 


the circle. 


Initial learning of group III 

The learning curve for animals trai 
is shown in Figure x, and the s 
training are given in Table I. 


(t = 0°46, d.f. = 12, P>0°6). 


It seems safe to conclude that octopuses do 2°" é 
criminate more readily between 


; : i 
triangles and circles than between squares and ¢ 
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Transfer tests with group IIT 

Two days’ transfer tests were given to all animals of group III, using method A 
of transfer testing. Larger and smaller shapes were used (36 sq. cm. and 16 sq. cm.). 
Level of response was 62 per cent. accurate on the large shapes, and 72 per cent. 
accurate with the small shapes. These scores do not differ significantly from the scores 
on the last day of training and the intervening day of retraining with the original 
shapes (74 and 62 per cent.). For the transfer to smaller shapes, y? for the difference 
between the ratios of attacks on positive to trials with positive, and attacks on 
negative to trials with negative is 9:5 (d.f. = 1, P<o-or), and animals were therefore 
performing with better than chance accuracy. The ratios for the transfer to larger 
shapes are not significantly different from one another: however, the difference lies 
in the expected direction, and performance is within the range found on retraining 
days, so that it seems safe to assume that transfer was occurring in both cases. 


DISCUSSION 

Methods 

The main findings on methods of training relate to the differences brought about 
by making reward contingent upon attack on the positive shape within 30 seconds, 
instead of presenting reward on every positive trial (by showing the sardine with the 
shape on trials on which an octopus fails to attack the positive within 30 seconds). It 
was discovered that (1) octopuses could be trained to discriminate by the former 
method; (2) initial learning is slightly slower, but the same asymptote is reached; 
(3) fewer total attacks are made in the early stages of training by the former method, 
but the number of attacks is more steadily maintained throughout training, possibly 
due to increased hunger. Because in the former method reward and positive shape 
are less frequently presented together, the association of reward with positive shape 
would be expected to be less strong in the early trials and this would account for the 
slower initial learning with the former method. These conclusions are corroborated 
by Young (1958) who found that where the method of making reward contingent on 
attack is used animals learn to discriminate between vertical and horizontal rectangles 
More slowly than, but reach the same asymptote as, animals trained with reward on 
every positive trial. It has also been found (Sutherland, 1959a) that octopuses 
trained ona very difficult discrimination by the method of reward every positive trial 
may learn not to attack either shape until the sardine is inserted with the shape, and 
aS a result discriminate between the two shapes at a very low level of accuracy. With 
the easier discrimination used in the present experiment, this apparently did not occur 
Since group I improved their discriminatory performance at least up to the gth day 
of training. Because it eliminates the possibility of animals learning not to attack 
until the sardine is presented, and because it saves the experimenter’s time, the 
former method seems preferable and has been used in subsequent experiments. 


The properties of shapes discriminated 

The most striking finding of the present experiment is that octopuses discriminate 
between squares and circles as readily as between triangles and circles. This would 
appear to refute a theory of shape discrimination put forward by Deutsch (1955), at 
least in its application to the octopus. Boycott and Young (1956) attempted to train 
two octopuses to discriminate between a circle and a square. One performed at the 
59 per cent. level of accuracy during trials 63-118 (corresponding to days 6-12 ofthe 
Present experiment), the other performed at the 64 per cent. level of accuracy during 
trials 35-74 (corresponding roughly to days 5-8 of the present experiment). Despite 
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some differences in the method of training they used, these figures are comparable 
with the scores attained by the animals of groups I and II in the present experiment. 
A further important finding is that octopuses will not transfer from a square with 
base horizontal to a square tilted to 45° to the horizontal nor vice versa. This 
confirms a finding of Sutherland (1958). This finding agrees with a further finding of 
Boycott and Young (1956). They trained two octopuses to discriminate between a 
normal square and a diamond. One animal performed with an accuracy level 0 
76 per cent. over trials 11-103 (corresponding to days 2-10) ; the other animal reached 
an accuracy of 74 per cent. correct response over trials 106-143. This second anima 
is an atypical octopus in that it only made 14 attacks in the first 105 trials. This 
suggests that the discrimination of normal square from diamond is easier than that 0 
square from circle, and this is in agreement with the poor transfer found from squat 
to diamond. k 
The results of the transfer tests enable us to conclude that octopuses were not dis- 
criminating in terms of certain properties of the figures. Thus they did not discriminate 
between the circles and squares in terms of any property which remains constan? 
when the square is rotated through 45°: this eliminates the following properties: 
(1) Having straight lines vs. not having straight lines (cf. also the result with pentagons)" 
(2) Having angles vs. not having angles (cf. the result with pentagons). (3) The rat? 
between the square root of the area and the length of the circumference. (4) The rati 
of circumference to longest extent along any one axis. The fact that octopuses 8% 4 
complete transfer when larger and smaller figures were used eliminates certain furth® 
properties of the shapes as forming the basis of discrimination. (5) Absolute differen® 
in amount of circumference. The circumference of the original square was 20 cm. an d 
of the original circle 18 cm., yet the larger circle of circumference 21 cm. was treat? 
as equivalent to the original circle not the original square. A similar line of reason” 
se that octopuses were not discriminating in terms of (6) the absolute vertit 
ores extent ofthe gares; (7) the breadth of the shapes across their logs 4% 
Ai ein pases eatea T l a theory of visual discrimination of orienta vot 
F » 1957b). Although the present experiment ca” 
be regarded as a direct test of the theory, the 3 “peri eg 
: Y, the results of the present experiment ap.“ g 
to fit well with the theory. The theory suggests a ible i ist 
: SOL, ) possible neural analysing mecha™ 4 
which operates by dividing shapes into their vertical and horizoñtal, = ections 9% 
a the vertical projections and the horizontal projections of different shape | 
xact predictions for the shapes used in the present experiment would depend up? | 
more precise specification of further analysing mechanisms than is ible at i 
moment. The present results are consistent with the theory in s fi . Pa) t i theo | 
ta not — any difference in discriminability tate Pee need ke a 
a > : 5 a 
saras to hmastet an maan il 
figures are very different from one another (Sutherland, ages i et 
test of the theory v. Sutherland (r959b) EA. T958). or 


Comparison of results with other data f 

No previous study has attempted 
squares and circles with the discriminabili 
Evidence on this question must theref 


animals can discriminate between a square and a circle without much difficulty: it 
using simultaneous discrimination Coburn (1914) with a crow, and Smith (1934) i, i 
cats showed that when these animals have been trained to discriminate betwe? yy 


triangle and a circle, they will transfer to a square and a circle. These results Í 
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that crows and cats can readily discriminate a circle from a square. McCallister and 
Berman (r931) have trained cats to discriminate between circles and squares (with 
the square in all orientations), and Rowley and Bolles (1935) in a poorly controlled 
experiment trained white mice to discriminate between a circle and square to a 
criterion of 75 per cent. correct responses in 54 trials. It is only the rat (Lashley, 
1938; Munn, 1931) which has been found to have difficulty with this discrimination, 
and because of the rat’s tendency to discriminate in terms of the base lines and its 
ability to discriminate between a diamond and a circle (Lashley, 1938) not very much 
can be concluded from this. Dodwell (1957) has recently shown that under certain 
conditions rats can discriminate a square from a circle, and will then transfer the 
discrimination to squares and circles of different sizes. In no case has an investigator 
‘tested for transfer to rotated squares where animals were originally trained on squares 
and circles. 

A variety of animals have been trained to discriminate between triangles and 
circles: these include chickens (Bingham, 1913, 1922; Katz and Revesz, 1908), the 
crow (Coburn, 1914), rats (Fields, 1932), cats (Smith, 1934), raccoons (Fields, 1936), 
macaque monkeys (Neet, 1933; Andrew and Harlow, 1945). In the studies by 
Fields, Smith, Neet and Andrew and Harlow good transfer was shown to shapes of 
different sizes from those on which animals had been trained. 


I wish to thank the Royal Society, for a grant which made the experimental work 
Possible; the Director and Staff of the Stazione Zoologica, Naples, for the hospitality and 
facilities afforded me there; and Professor J. Z. Young, F.R.S., for advice and encourage- 
ment. The writing up of the results was facilitated by a grant from the Nuffield 
Foundation for work on stimulus analysing mechanisms. 
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THE LABILITY OF THE TACTILE-KINAESTHETIC 
FRAMEWORK 


BY 


CARL IVAR SANDSTRÖM 
From the Institute of Education, University of Upsala, Sweden 


This paper is concerned with the ability to recognize settings of a rod (pivoted at the 
centre) at various angles of tilt without the use of vision. Five angles of tilt, all within 
the upper right quadrant, were used and 80 subjects took part in the experiments. It is 
shown that tactile-kinaesthetic recognition of a given angle of tilt is decidedly poor, 
subjects commonly reporting that the position of the rod had been changed. The direction 
of these subjective shifts was found to be in general towards the centre of the quadrant. 
if, following the recognition experiments, the subjects were required to judge settings of 
the rod in fact vertical and horizontal, errors made tended to be in a direction opposite 
to that normally found in making these judgements. It was further found that attempts 
to reinstate the original settings led to mean judgements equivalent to those given on the 
Tecognition tests, but with signs reversed. These various phenomena are ascribed to 
lability and disorganization of the tactile-kinaesthetic framework. An analogy with 


the autokinetic phenomenon is adduced. 


PROBLEM AND PROCEDURE 


_ We have Previously (Sandström, 1952, 1956) reported results with reference to tactile- 
kinaesthetic perception of verticality with head tilted showing that this perception does 
not agree with that of visual perception (Aubert phenomenon). The task of the subjects 
1s to move their hands along a rod pivoting at its centre in order to adjust this rod to the 
fase upright. A detailed description of the apparatus is to be found in Sandström 

52). 

wi The problems dealt with in this paper are best described by quoting the instructions 
Which were given, Standing beside the experimenter in front of the apparatus, the subject 
AS, informed that the experimenter was interested in the following question: How 
Precisely is it possible to judge a given angle of tilt of the rod by moving the hand up and 

own it in an absolutely dark room? ‘You have to judge the tilt of the rod as well as 
a can according to your perception of the tilt. I repeat: I am interested only in your 
feqycePtion of the tilt.” Then the experimenter demonstrated the task to be carried out. 
of a rod in vertical position we call 0°, horizontal position +- 90° or — 90 (opper part 
ig Ne rod is moved to the right and to the left), and the position exactly half-w ay be ween 

» Of course, + 45°. Here we have + 30° and this position 1s our starting point for the 
©xperiment.”’ (Five different positions were used as starting points.) “Now, please move 


your preferred hand (only one subject was left-handed) along the rod and try to retain 
move your hand again a 


your percepti ANAT : cali a 
ption of this tilt. Now I switch off the lig) t and you y 
number of times.” After these instructions the light was switched on again and bs 


Subject was informed that his task was to judge the tilt of the rod in a series of trials. 
Was requested to respond as promptly as possible because delay generally me amie 
nforma 


increased uncertainty in judgement. After asking if the subject wanted more i 

5 € experiment began. The apparatus was turned 90° towards the experimenter ee: 
eee by the subject, moved the rod, but in all the trials in the first experiment the 
Pe enter actually replaced the rod in its original position, thus giving the subject one 
of the same angle of tilt throughout the whole series of ten trials. The light was switc be 
aft and the apparatus turned back in front of the subject. This procedure was repea 

T every trial when the experimenter also recorded the judgement given. PEN 

ey ee different starting positions of the rod may be called standards and the fol oving 
the ards were used: 0°, 30°, 45°, 60° and go°. Eighty adult male subjects too. pa he 
© experiments. All of them were students at the Training College, Fredhaell, Stockholm. 
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In Experiment 1, the subject had to judge the given angle of tilt 10 times, and eae 
subject was presented with only one of the standard positions. The number of subjects 
was 10 for 0° and 90°, and 20 for 30°, 45° and 60°. This means that we have roo values 
for the vertical and horizontal standards and 200 for each of the remaining standards. 

Experiment 2 followed immediately upon the conclusion of Experiment 1. The subjects 
had to judge the position of the rod shifted to either o° or go°, the change being made 1n 
the same time sequence as before and without any suggestion being given to the subjects. 
All the 30° subjects and half the 45° subjects had to judge o°; the other half of the 45, 
subjects and the 60° subjects had to judge 90°. The o° and go? subjects had to judge 9° 
and o° respectively. (The results of the last group are not, however, included in Table I 
because of the special relationship between standards o° and 90°.) 1 

Finally, in Experiment 3, the subjects were given the rod adjusted to o° or go? ane 
required to adjust it to the standard which they had been given in Experiment 1. 

The subjects were asked throughout to stand at a convenient distance from thé 
apparatus and to hold the rod between the thumb and the (slightly bent) forefinger. p) 
special instructions were given regarding posture and no head or body tilt was introduce® 


RESULTS 


Experiment 1. The smoothed curves in Figure 1 show the distributions of the 
judgements for the five different standards. The most striking trait is perhaps the 
wide range of variation, and this range does not vary much with the different position? 
of the rod. Not even the range with standard o° is much less than with the othe! 
positions; but the greater stability of the vertical is reflected in the definitely lower 
S.D. (8:27 against 12-29 to 14-22 for the others. The difference between 8-27 and 12°29 
is significant: P < o-oor). Standard 30° shows the widest Tange (5°—75°); this mean 


that some subjects perceived the rod as if tilted to 5° or 75° in spit. its havin, bee? 
in fact held constant at 30°. > Gi o ee 


FIGURE 1 


Percentage of cases 


true positions of the rod (cf. Table 1). The medians are in all cases equal t4 
these positions, 
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The original curves are characterized by a marked jaggedness which would appear to 
depend upon the general preference for round numbers. Very few values, and these inthe 
main derived from the same few subjects, are given in figures other than those ending in 
o and 5, and o is more common than 5. Figure 2 shows as an example the unsmoothed 
distribution curve for standard go°. It will be seen that this preference obtains over 
practically the whole range. 


FIGURE 2 


35 


30 


25 


20 


Number of cases 


a i 
3 
50 60 70 80 90 100 110 
‘ Distributions of raw scores for position 90° in Experiment I. 


TABLE I 
J RESULTS OF EXPERIMENT I 


Another point which may prove of central interest is the skewness of the curves. 
As is seen in Figure 1 and in Table I, all the curves tend to skew towards the middle 
of the quadrant. Asa consequence of this, the curve of the standard 45° iS the only 
one not showing any significant mean deviation from its standard. Tt is perhaps 
possible to interpret this fact as follows: the main axes in the co-ordinate system S3 
important for our orientation function as a kind of “barrier,” €-g- percep non noe 
greater margin to the right of standard 30°, to the left of 60°, and equal on both si 


of standard 45°. But then—why are these margins not equal around the e 
o° and 90°? We do not know the answer, but wish to point out the following :— oe 
the method of reproduction, subjects with head held upright (as in the ot 
experiment) generally adjust the rod slightly to the left of the true upright by 
pendently of the initial position of the rod (Sandström, 1956). Neal (1926) has oe Me 
that this holds good also for visual perception. Furthermore, when using su e 
with head tilted to the right or to the left, we always get greater deviations to 2 
left of the true upright than to the right (Sandström, 1956). These facts, of vori l 
demand that the rod, in fact upright, must be perceived as tilted in the ea 
direction. We know less about the horizontal position, but it may be reasonable to 
assume that the same perceptual peculiarity is also found for go°. P 
Experiment 2 differs from Experiment 1 in that the experimenter introduces f 
change in the position of the rod. We may postulate that the ten trials of the ae 
experiment have disorganized the tactile-kinaesthetic framework which makes ee i 
more or less accurate judgements of tilt. The assumption underlying Experimen A 
is that this disorganization complicates the judgement of the main axes causing @ 


overestimation of the change. The results given in Table II appear to confirm this 
hypothesis. 


TABLE II 
RESULTS or EXPERIMENT 2 
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o° 30 — 1°35 765 | 


e ee 


90° 30 4.35 8-55 


fidence (CR = 1-93), and the differe 
(— 5:43) is 9°78, which gives a CR = 4°89 (P < 0-001). 

Thus we find here deviations in directi i 
standards 0° and go. The experi 
factors which operate when judgi a 
(cf. the results of Experiment 3 below) 


In this trial j hat guessing has acted as a brake on the nye 
thesized overestimation. Here, it is easy for the subjects to suppose that the vertical ® ts 
been chosen; and this influences the perception. In experim® 
ays—as is well known—reckon wi i 
the experimenter’s emphasizing 
preliminary trial including Exp 


A P ntaneous and i 5 itude as opP' 
to the male subjects’ often more Suspicious Se riediate abtitu 
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Experiment 2 and were very short: ““Now, please, put the rod back to the first position.” 
The question to be answered by this experiment is:—With what degree of accuracy 
is it possible to reproduce the original stimulus? 

The perfect result of this experiment would be the same figures as in Experiment r, 
but with the signs reversed because of the different psychophysical methods used. 
Actually we get such a result for the three middle standards as is shown in Table 3. 
In spite of the small N the difference between the values of 30° and 60° shows a good 
margin of significance at the 2 per cent. level. The mean for all the 80 subjects is 
— 0-14 against + o-15 for the 800 measurements of Experiment 1 (Table 1). Figure 3 
shows the relationship between the results of Experiment 1 and Experiment 3. 
Perhaps the perfect rectilinear regression between 30° and 60° over 45° is of some 
interest, ’ 

TABLE III 


RESULTS OF EXPERIMENT 3 


5° 60° 90° Total 
N 10 20 20 20 I0 8o 
M o-10 — 3.90 | —0-85 2-05 oro | — r4 
SD | 3:00 11-05 8:25 6-90 3°15 7°55 


s 
D 
3 
å 

= 

Sila r Ls 
0 30° 45° 60 90 
Relationships between the results of Experiments 1 and 3. 


, Discussion 3 

_As is to be expected, individual differences are very prominent in experimer 

this type. Although these differences are not the main point of this paper, @ 
discussion of them is in place, 4 

As illustration of individual differences in Experiment 1, we 

of the two subjects showing the highest range of variation. Bot 

60° group and their values are as follows: ; 
Subject A: 40° 70° 50° 60° 20° 80° 70° 60° 50° 30°, Range: 60°. 
Subject B: 45° 70° 30° 25° 35° 25° 25° 25° 15° 15°. Range: 55° 
' 


nts of 
brief 


may give the results 
h fell in the standard 


Mean = 53° 
Mean = 31 - 
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It will be noted that Subject A varied his judgements through thig MaE 
and indeed his two extreme values 20° and 80°, were consecutive. (Many i E 
of similar extreme divergences from judgement to judgement a a Ek. 
data). Subject B, on the other hand, appeared fairly early to stabilize aj a pe pa 
of the position at a very low minus level. It may be Sige ates o ae 
subjects were highly intelligent and independently minded, and their judgemen 
be taken accurately to reflect their perceptions of the tilted rod. i a dend 

In similar experiments it has been found possible to distinguish two SrA 
groups of subjects: one judging analytically, rather slowly, and often with an e i 
of suspicion; the other judging naively—in the phenomenological sense of the y E i 
and rather quickly. The first type is more commonly found among men, He ast 
among women. In our present Experiment 1, many subjects falling within t s ala 
group did not perceive any definite changes in the tilt of the rod during the first ne, 
but later reported a sudden and distinct change of position. In the second gr 
deviations were as a rule distributed over the whole series. : In 

A word should be said about possible effects of suggestion in Experiment L f 
the well-known experiments of Sherif (1935) on the autokinetic effect, the instruction 
were such as to suggest that a definite movement of the spot would occur. In ie 
present experiments, on the other hand, no direct suggestions were given in the anit 
tions. The subjects may, of course, have expected some real changes in the posit i 
of the rod—and in some instances they clearly did—but no systematic change in t 
definite direction or of a definite extent could have been anticipated. Itis true thai 
the experimenter’s manipulation of the rod between trials had a certain suggestiv 
effect, but his movements were both slight and invisible to the subject. Further, 
the subject supposed that the position of the rod had not changed, he was encourag® 
to report to this effect. aple 

It may therefore be concluded that the subjects did, in fact, perceive ostens! he 
changes in the position of the rod. Although less compelling perhaps than t 
autokinetic effect, there can be little doubt as to their reality. Some subjects, indect” 
spontaneously remarked after a number of trials: “Oh, now it has moved!” but t a 
majority perceived the changes as so self-evident that they said nothing. whe 
asked, they declared frank] d position during the experime?”” 


anges. Special trials with Ve" 
tatement. the 
ate a very considerable lability of of 
dgements of position are based. Furth! 


H i 4 (as in 
or 1n experimental social contexts 
interest. 


The various results appear to demonstr 
framework upon which tactile-kinaesthetic ju 
studies of this phenomenon in clinical cases 
Sherif’s experiments) might prove of great 
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FINGER LOCALIZATION AND FINGER PRAXIS 
BY 


ARTHUR L. BENTON 
From the Department of Psychology, State University of Iowa 


The relations between finger localization and various types of finger praxis were 
assessed by estimates of the inter-correlations among the performance of 100 six-year-old 
children. Finger localization was related significantly to those types of finger praxis 
which involve movements of the individual fingers with respect to each other. Right-left 
discrimination was related to finger localization, but not to the measures of finger praxis. 

The findings are interpreted in terms of the construct of the finger schema, which 
can be viewed as a determinant of performance in both the localization and praxis tasks. 
This construct can also serve as an explanation of the observed concurrence of finger 
agnosia and finger apraxia as a consequence of cerebral disease. 


INTRODUCTION 


The relations between “agnosia” and “apraxia” have long claimed the attention 
of workers in the field of psychoneurology. While the former is designated as a 
disorder of recognition and the latter a disturbance in the performance of skilled acts, 
it is often difficult in practice to make a distinction between the two types of 
behavioural deficit. Since an apractic disorder is by definition a disturbance in the 
execution of skilled movements within the setting of intact motor functions, it would 
Seem necessarily to implicate impairment of a cognitive or perceptual nature. That 
such Impairment underlies apraxia, especially when the forms known as “ideatory” 
or constructional” are under consideration, has been asserted by many observers 
and a variety of terms (e.g. “agnosia of utilization,” “agnosopraxia,” “apractognosia’’) 
have been coined to express this point of view. Similarly, a basic apratic disturbance 
has been held to underlie some types of agnosia such as visuospatial agnosia and loss 
of recognition of body parts. 

A type of agnosia in which this question of the contribution of apractic elements 
has been raised is the particular form known as finger agnosia, i.e. impaired ability 
be identify fingers either on oral command or when they are tactually stimulated. It 

as been noted that patients with finger agnosia are often somewhat awkward in the 
performance of skilled acts involving the use of the fingers and, in some instances, are 
quite incapable of performing them. Moreover, the somatoperceptual deficit 1s 
frequently associated with a form of agraphia which has been described as an “apraxia 
of writing.” This circumstance has led some observers to postulate that finger agnosia 
occurs as a Consequence of a finger apraxia. But this has been denied by others who 
incline to the view that disturbances of finger praxis, when they occur, are a 


consequence of the primary agnostic disorder. 

J ackson and Zangwill (1952) have attacked this problem of the mutual relations 
of cognitive and practic factors in finger localization experimentally by studying the 
execution of discrete finger movements to command in normal subjects under the 
conditions of direct vision, deprivation of vision and mirrored vision. They found 
that while deprivation of vision had no differential effect on either reaction time or 
the incidence of erroneous finger movements, as compared with direct vision, the 
condition of mirrored vision augmented both t pes of behavioural deficit. The same 
deleterious effect of mirrored vision was Er in the performances of patients with 
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parietal lesions and there was a suggestion that the effect might be of ning sree 
magnitude in such patients than in normal subjects. These findings may io ar 
preted as showing the very close, perhaps inseparable, association betw T e 
“perceptual” and the “practic” factor in performances having to do with localiza 
TS. R 

2 re oe to contribute further to the elucidation of this question ai a 
relationship between “agnostic” and “apractic” disturbances, the present a 
investigates the relations between finger localization and a number of mor LE 
finger dexterity in normal children. Finger localization, as defined by identificati i 
of fingers subjected to tactual stimulation, shows a progressive development throng; 4 
the age range of 6-9 years (Benton, 1955). Observations on children of sopen 
intelligence indicate that the development of this perceptual skill is a function | 3 
mental, as well as chronological age. Further, the fact that many mental defectiv G 
make grossly defective performances, as compared with normal children of matha 
mental age, suggests that integrity of cerebral function is an independent apiece 
of performance level (Benton, 19554). Similarly, a substantial literature indica a 

that finger dexterity, as defined by such performances as tapping, manipulation - 
small objects and differential finger movements, is a function of chronological a, 
However, when mental deficiency is excluded, these skills appear to show little ° 

no relationship to mental age, independently of chronological age (Goodenough, 1949); 

In the present study, the age factor was controlled by restricting consideration 

a rather homogeneous group of children in this respect as well as by conventions 
statistical analysis. In addition, right-left discrimination, a perceptual skill whic 

has been found to be related to finger localization (Benton, 19554), was also assesse@ 


METHOD 
Subjecis and tasks 


Subjects were 100 kindergarten children (52 
Knoxville, Iowa, whose ages ranged from 5 y 
Children in the special kindergarten class for ri 
tested. Moreover, setting the upper 
who, on the basis of age, would have been eligi 
kindergarten was tested imitations, there was no control of the facto” 
mental age, 


The tasks, in the order in which they were given, were as follows: 


(1) Right-left discrimination, This 16-item task, described in detail elsewhere (Bente 
and Menefee, 1957), assesses four aspects of the discrimination: (a) with the eyes OP? 
identification of single lateral body parts; (b) with the eyes open, execution of cros® le 
commands (e.g. right hand on left eye); (c) with the eyes closed, identification of si” of 
lateral body parts; (d) with the eyes closed, execution of crossed commands. Leve, Sy 
performance was defined by the number of correct responses, In previous studi? 
corrected split-half reliability of the test has been found to be 0-90 or higher. ) 
(2) Finger localization, This 50-item task, described in detail elsew nton, 19555 
samples three aspects of the Perceptual ability; (a) with the aid ns en ation T 
maple ces wats have been touched; (b) without the aid of vision, localization of oe of 
pe Raa gi been touched; (c) without the aid of vision, localization of pal? od 


. ne 
aneous tactual stimulation, Level of performance was deft 
by the number of correct localizations. In previous studies, eeecanted split-half reliable 
of the test has been found to be 0-90 or higher. Retest reliability, as estimated bY att 
ee Soy between scores on equivalent forms administered 20 minutes ap a8 
as been found to be 0-70-0-75. Stability of perfo: iod of tim ed 
estimated by the correlation coe: Pier a aes eh Se 


: niste 
fficient between scores on equivalent forms administ 
to weeks apart, has also been fo 


de® 
(3) Finger touching. Successive touching by the thumb of the fingers from the ings 
finger to the little finger and back again, with double touching of the little fingen 


und to be 0:70-0:75. 


= müti 


M =M aA 
x SNN E 
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demonstrated and the subject instructed to execute the series i 
> of mo G 
a z pu that he understood what was required of him. othe subject wie 
eae te aged the task as quickly as possible without making mistakes. Two trials 
adasa? a My w Aa the eyes open, were given. This was followed by two trials with 
kopi A n the eyes closed. Time in seconds, number of errors and type of error 
Ge pping, double touching, reversals) were recorded for each trial. Score was defined as 
100 minus (time in seconds for the four trials plus the number of ‘‘double touching” and 
qe i errors plus twice the number of “skipping” errors). The errors were 
eee ae y i eighted to take account of the fact that the ‘‘skipping”’ errors necessarily 
A pay a e Heren in performance time. Two scores, one for the "eyes open” trials 
noT r the “eyes closed trials, were obtained. Corrected split-half reliability was 
nd to be o-8r for the "eyes open” task and 0-79 for the “eyes closed” task. 
beras) oe in box. An open box, 4 in. wide, 2} in. deep and 1} in. high, was placed 
mae did su bject and ro (or 20) paper clips spread out evenly in front of it. The subject 
poe , aoa to pick up the clips one at a time and place them in the box as quickly as 
bait ae i here were two trials with the right hand, two with the left hand and two with 
hands a Bs za f I en clips were used in the unilateral trials and 20 when the subject used both 
Teen Score was 120 minus total time in seconds for the six trials. Corrected split-half 
ility of the task.was found to be 0-89. 
his pi appin: A telegraph key set-up with a platform on which the subject could rest 
stationar a ames was used. ‘Tapping with each finger while the other fingers remained 
with the na gemoustraced. Then each of the subject's fingers was placed over the key 
possible. The NECES spread out on the platform and he was instructed to tap as fast as 
continued S em: was begun with the right hand (index finger to little finger) and 
each trial was ak he left hand. Trials were ro seconds in duration and number of taps for 
split-half ellena Score was the total number of taps for the eight trials. Corrected 
(6) Rayt ity of the task was found to be 0-83. 

etermine whale co erential finger movement (Rey, 1952). The purpose of this test is to 
of associated move he subject can make discrete finger movements without the occurrence 
palms down and eae of the other fingers of either hand. He rests his hands lightly, 
of the hands and Bee spread slightly apart, on a sheet of white paper and the contour 
hands on the table ee is outlined with pencil. The examiner then places one of his own 
(about a cenit a and demonstrates the raising of the thumb and of each of the fingers 
himself Peia Te) without associated movements of the other fingers. If the examiner 
demonstration oe difficulty in raising the ring-finger without associated movements, the 
level. The ee Sues before this point and the instructions continued on a verbal 
taking care Shae is then told that he will be instructed to raise one finger after the other, 
not touch, the th eid ng fingers remain immobile. The examiner then points to, but does 
making a total ae , index finger, etc., of right and left hands. The procedure is repeated, 
aS25 minus the ae Tias. Associated finger movements are recorded. Score was defined 
half reliability of ‘al number of associated movements in the 20 trials. Corrected split- 

y of the test was found to be 0-85 in the present sample. 


RESULTS 
Means and distributions of scores 


tere ae distributions of the scores for right-left discrimination, finger 
mean of 12-4 0 = € five tests of finger dexterity are given in Table I. The obtained 
13-4 which hin gle discrimination test is slightly lower than the mean of 
and Benton, 1 tT for six-year-old children in an earlier smaller sample (Swanson 
close to the wa f he obtained mean of 36-1 on the finger localization test is fairly 
and also to tł ean of 349 found in the previous smaller sample of six-year-old children 
of E ecm 38-1 found by Wake (1956, 1957) in a relatively large sample 
RAE A anadian children. Similarly, the median score of 18-7 on the Rey test 
Rey (1952) se iene comparable to the values obtained for French-Swiss children by 

years, AOR = orts a median of 19 for children within the age range 6 years— 
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TABLE I 
MEANS AND DISTRIBUTION OF TEST SCORES 


i er ee 


Mean SD Type of distribution 

Finger localization 3671 6-7 Unimodal, negatively kewed 
Finger-touching (eyes open) 72:2 73 Unimodal, nearly symmet 
Finger-touching (eyes closed) 675 8-9 Unimodal, nearly spamem 
Paper clips Sa 30:7 12:8 Unimodal, nearly symme A 
Tapping .. yë 146-6 21-7 Unimodal, negatively BieWwer 
Rey test .. i hie 175 47 Unimodal, negatively alate 
Right-left discrimination 12'4 33 J-shaped, negatively skewed 


Age and test scores 


There was a non-significant product-moment correlation coefficient (0-07) betwee? 
age and score on the finger localization test. The correlation coefficient (0-10) betwee? 
age and score on the right-left discrimination test was similarly non-significant. 
correlation coefficients between age and scores on the five-finger dexterity tests range 
from 0-21 to — 0:07, the median coefficient being 0-09. In view of these non-significa? 


values, it was deemed unnecessary to partial out the age factor in evaluating t 
intercorrelations between test scores, 


Intercorrelations of test scores 


t in the present study, it will be nor 
ce in the size of the individual correlat! ef 
ips, viz.: finger localization versus et? 
, finger touching (eyes closed) and the Rey test, the coefficie” i 
are of moderate magnitude and clearly significant (P <o-oor). On the other har y 
in the case of the other two relationships, viz. : finger localization versus tapping i 


TABLE II 
INTERCORRELATIONS AMONG TEST SCORES 


m eee ee 


Finger- Finger- 


- touch touch Rey 

inger (eyes (eyes Paper s 

local. open). | closed) clips | Tapping M 
2. Finger-touch D ++| 0-49 — E 
3. Finger-touch (eyes closed) 0-46 0-72 = = = a 
4. Paper clips. . re 0:22 0-34 0:23 = = 3 
5. Taping o-18 Org O19 O21 re K. 
6. Rey test .. a -| O-g5 0°38 0-42 0-21 0:26 08 
7. Rightleft LI 36 0-08 ps g 
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paper clips in box, the coefficients are of smaller magnitude and not clearly significant 
(P > 0-01). From inspection of the nature of the finger praxis tasks, it will be noted 
that the higher correlation coefficients appear to be associated with the relationships 
between finger localization and those tasks which involve movements of the individual 
Jingers with reference to each other, while the lower coefficients are characteristic of the 
relationship between finger localization and the two tasks which do not as clearly 
involve such “‘inter-digital” interaction. Moreover, the “inter-digital” motor tasks 
show a somewhat higher degree of communality among themselves than they do with 
the paper clips test or speed of tapping. In view of their high correlation (7 = 0-72), 
finger touching with the eyes open and finger touching with the eyes closed may be 
regarded as variants of the same task. The mean correlation between these two tasks 
and the Rey test was 0-40 while the mean correlation between the two tasks and the 
Paper clips test and speed of tapping was 0-28 and 0-16, respectively. 

Right-left discrimination was found to relate significantly to finger localization, 
an observation which is in accord with previous findings. On the other hand, there 
ie no significant relationship between right-left discrimination and any of the motor 

asks. 


DISCUSSION 


The findings clearly indjcate a significant correlation between finger localization 
capacity and certain types of finger praxis. These types of finger praxis (finger 
touching and the Rey test) have in common the characteristic that they involve 
movements of the fingers in relation to each other. In contrast, the two motor tasks 
(paper clips and tapping) which did not relate significantly to finger localization 
Sepacity do not as clearly involve finger movements in relation to each other. 

Since it was not possible to exercise a precise control over the factor of mental 
age, the question must be raised as to whether variance in this factor may have been 
responsible for the matrix of positive intercorrelations among the several tasks. A 
number of considerations indicate that this is not likely to. be the case. As has been 
pounted. out in the Introduction, the available evidence indicates that, when mental 
deficiency is excluded and the factor of chronological age is controlled, as in the 
Present study, performance on finger dexterity tasks shows no important relationships 
with mental age; hence lack of control of this factor should not have a significant 
effect on the size of the observed correlations between finger localization and the 
motor tasks. Moreover, while both finger localization and right-left discrimination 
have been found to be related to both mental and chronological age, the latter per- 
ceptual skill did not show significant relationships with the motor tasks. Thus the 
observed significant correlations between finger localization and some of the finger 
Praxis tasks would seem to be a function of the specific nature of the performances. 
_ When one seeks a common factor to account for the observed correlation bee 
finger localization capacity and those motor performances of the fingers ee h 
involve movements of individual fingers in relation to other fingers, the concept of the 

finger schema” immediately suggests itself. According to Gerstmann (1924), 
who first elucidated the neurological significance of finger agnosia, this percep = . 
deficit can be viewed as the resultant of a circumscribed impairment of the body 
Schema, namely, one involving the individual’s differentiated concept of the reatin 
of the fingers to one another. Strauss and Werner (1938) designated this p pai 
Impairment as a “deficiency in the finger schema.” This construct of the TA 
Schema can be applied equally well to those types of finger praxis which DE ay 
Movements of individual fingers in relation to one another and can serve 


. iets i d these 
€xplanation of the observed correlation between finger localization capacity an 
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types of finger praxis. It can also account for the clinical observation that finger 
agnosia and one or another type of finger apraxia frequently occur together as a 
consequence of cerebral disease. 

The fact that right-left discrimination does not relate significantly to these types 
of finger praxis underscores the specificity of the finger schema construct. On the 
other hand, a correlation between right-left discrimination and finger localization has 
been repeatedly observed and a variety of explanations, none quite satisfactory, have 
been advanced to account for it. Obviously a somewhat broader construct than 
that of the finger schema is required to account for this relationship. 

Thus, from a theoretical standpoint, the behavioural events 
designated as finger localization and those which are desi 
be considered as reflecting, at least in part, the same ( 
construct of the finger schema. The findings of Jackson and Zangwill, as well as 
the present findings and the results of clinical observation, support this idea. From 
this point of view, the controversy in the clinical literature as to whether finger 
agnosia “causes” finger apraxia, or vice versa, seems to be rather fruitless, since both 


types of behavioural impairment can be conceived as Tepresenting a single basic 
neuropsychological deficit. 


which are typically 
ignated as finger praxis can 
admittedly rather ill-defined) 
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SHORTER ARTICLES AND NOTES 


A CASE OF FLUCTUATION OF AWARENESS 
WITH THE PULSE 


BY 


IAN OSWALD 
From the Institute of Experimental Psychology, University of Oxford 


om certain percepts of central origin (after-images 
he arterial pulse. The phenomenon is 
d the inhibitory effects 


ae ene case is described of a man in wh 
ea wibsereeoee) fluctuated rhythmically with t 
of plained in terms of contemporary theories of consciousness an 

aroceptor impulses. 


In a previous communication (Oswald, 1957) it was described how some persons may 


ex i f : f A 4 
‘Xperience visual after-images not only after retinal stimulation but also after the prolonged 


contemplation of a voluntary vivid image (hallucination). One of those described, Subject 
to i, is further discussed below. Itis relevant to this case and to the interpretation suggested, 
recall that Griffits and Gordon (1 thmical increase and decrease of 


thes & 924) described the rhy 
e size, intensity, or apparent (hallucinations) with rhythmical 


fl J distance of vivid images 
uctuations of vasomotor tone, of pulse rate and, by inference, of blood pressure. 


{ter-images involved 
and conjuring up @ vivid image. 
pon it for 30-45 seconds, and then 
f about the size expected 
most subjects it would 
The subject 
ive it 


Method and results 


th The general method used for the d 
e subject concentrating on & sheet 
ere this appeared, the subject concentrated fixedly upc 
b ed away at a blank screen. On this screen an after-image 0: 
y calculation at once, spontaneously and effortlessly appeared. In 
ade away within 5 seconds, but a few perceived such after-images longer. 
with whom we are at present concerned, was exceptional in being able to perce: 


far longer than anyone else (up to 30 Or 45 seconds). i : : 
_ At the time of the initial observations, the writer's interest was wholly in the immediate 
Size of these central after-images (which were measured) and little interest was taken in 
the fact that this one person alone remarked spontaneously that, after about 5 seconds, 
= after-image began to pulsate, going rapidly in and out and thus gradually shrinking 
Smaller and smaller till it disappeared. This pulsation was not present in the primary 
image and was only faintly perceptible in the after-images of real visual patterns. | 
i About a week after carrying out these measurements of after-images with the subject, 
i occurred to the writer to question him whether the pulsation was very rapid. vor 
the subject indicated the approximate rate, the writer explained that he had wondered 1 
it was much faster, if in fact it flickered at about 10 per second, the alpha rhythm ier 
indsley (1952) has reviewed the evidence for fluctuation of consciousness at the m o 
the alpha rhythm. The subject explained that it was much slower than that, remarking 
; ut the rate of his heart. 
investigate the pulsation of the c! 


that, if anything, he supposed it would be abo 
as decided to 1 
n his head, a further electrode on 


im Some five months later it w: 
ages further. lectrod 
zi ctrodes 01 
Wi po that this was to measure changes * 
i A further electrode 


emonstration of the central a 


of blank paper 


entral after- 


th The subject was seated in a chair 
the left arm (the casual remark being made to the effect 
ing the electrocardiogram. 


i 
n muscle tension in the arm), for recording ) 
ight side of the chair. 


ts fixed to the wooden arm of the ri 
tapping on the arm of the chair w‘ 
ios The subject was in one room, while 
eti ms were separated by @ corridor and twi 
cephalograph, each second, was inaudible in the room 1n V 
ten, de was told that it was intended to study the e 
osion changes occurring He-was aen $ 
inward phase of the pulsation. sion he W 


in another. The 
electro- 


with his after-image. 
‘At the end of the ses 
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he had thought that his heart rate was being recorded. He replied that he had supposed 
the spring earth clip on his ear to serve for recording his pulse. 5 

Five recordings were made in which he tapped in time with the ingoing phase of his 
after-image. Four of these, of 31 beats, 22 beats, 17 beats and 11 beats respectively, 
showed correspondence between his rate of tapping and his heart rate (see Figs. 1 and 2). 
The other showed correspondence for the first 10 of 30 beats. 


FIGURE 1 


FIGURE 2 
a e a a ia i 4—_s__4_ cue ee Ce O O 


aed a eae oe E E O VE O 
Tan a a e a E e a a E E EE 


Showing, from above downwards, time-marker (seconds), electrocardiogram, and 
hand movements of subject in time with rhythmic decrease in size of his after-image 


The subject was closely questioned in regard to whether he m 
heart beating, or feel or hear pulsations anywhere in his body, 
aware of his after-images beating in time with them. He denied 
were carried out by the writer and an assistant in which bot 
their heart rates. None of these records showed any sort of 
rhythms, and indeed, it is a most difficult task. On 
beating sensations, but as soon as the arm star 
the much stronger sensations of the tapping, an 
Two similar recordings were made with the su 
to try to tap in time with his pulse rate. 
between the two rhythms (see Fig. 3). 


ight be able to feel his 
and, if so, whether he was 
this. Further experiments 
h tried to tap in time with 
correspondence between the 
€ may believe that one can feel faint 
ts tapping, attention becomes diverted to 
d any awareness of the heart or pulse is lost. 
abies who T asked to close his eyes and 
either record showed any correspondence 
He affirmed that he had really tried, sey concen- 


FIGURE 3 
"EN a 


Showing, from above downwa: i 
k ards, time- i 
n e a marker (seconds) electrocardiogram, and 


pts to tap in tim: : g 
decreased decisiveness tear his pulse. Note 


f Pulse when sitting in the chai: a 
N X ever: 
ge pulsation quite Spontaneously, before the Ta eee. the 
Several hypotheses present themselves. One i i 
i © On , F i > 
tion—that the nal correlate of the AEA aap par tiodlar Deere 
it was rhythmically “activated by ascending influences from the detonate [e> 


P 
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mid- and hind-brai 
-brain. Thi 
upon the inte ain. This accepts the cı i 
Qn ee a contemporary bi i 
Facilitative ae by of, for instance, specific aoe Rew ae Soa eae depend 
} eis now i ss from the reticular formation oben E EE 
rora: the paro at with each pulse a sha: ff ‘ 
mate e a sharp a erent volley i i 
reach the pee tt a BS carotid sinuses (Bronk and ioe Goes pote a T EE 
inhibi tion (Bonvallet an fpr we reticular formation and ieee nes 
o Sere , iebel, 1954; Nakao, Balli uae Ene 
carotid nme (Permis cauas sleep-like states, not only eect EE gai 56). a 
Fraphic slow waves (En apps and Weiss, 1935) with the production of pede DoE 
aa Meier, 1947) aid E , Romano and McLin, 1944), but also in omal ae: 
radycardia o logs (Koch, 1932). The effect can i men (SERER 
dycard e ta be independent of reflex 
and Fishel (cone for the view advocated is offered by t 
the eee at nape the rhythmic fluctuation of 
ctuation of blood pressure (Mayer waves). These waves, often wrongly 


called Tra 
ube- i a i 
e-Hering waves (see Schweitzer, 1945), occur in man. Intra-arterial blood 
there occur, as would be expected 


Pressure z 
(Guny re recor kgs cee shown that in many persons 
order of 2 s, 1951), oscillations of this hom i 
rder of 20 mm. eostatic system about the m 
escillations may pi et a every eu serange, In at least some pnt Me a S 
ae „e with fluctuations of heart rate and ski 
for “th 952). Roy and Sherri skin vasomotor tone (eg 
ee eae and rrington (1890) suggested that this rhythm we DIe 
suggestion pome Rae ii in the acuity of auditory and P e 
Teis eek ome by several workers (e.g. Griffits and Gordon, 1924)- ‘ or 
o recall that a whole host of different internal and external influences 


summate t 

to J rae 

(and that pa ge the level of activity of the ascending, activating reticular formation 
escending impulses arising d attention are probably of 


Major im uring voluntar 
impulses, poren, Such other factors can easily mask kay effects of carotid-sinus 
spontaneous, eff vallet, Dell and Hiebel (1954) were at pains to emphasize. Therefore the 
Particularly 2 (ie and wholly central after-images of the subject described would seem 
e responsibl pen to the effects of carotid-sinus impulses. External stimuli can, of course 
e for both vasomotor changes i X itation, as Ackner 


and Pampi d 

l mpigli € and changes of cortical exci 

stimuli a ae (1957) have described, but as these authors pointed out, so can internal 
ng these, impulses from the carotid sinuses merit consideration. 


he following facts. Bonvallet, Dell 
the level of cortical excitation with 


ibed were carried out while the writer was serving in the 
artment, Princess Mary’s Royal Air Force Hospital, Halton, 

enure of a British Medical Association Research 
e the encouragement of Group Captain 
chiatry, Royal Air Force. 
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NOTE ON LUMINOUS FLUX DISCRIMINATION IN 
MONKEY AND MAN 


BY 


CHARLES G. GROSS* and LAWRENCE WEISKRANTZ 
From the Psychological Laboratory, Cambridge 


s of two stimuli of different areas 
the far periphery. The results are closely describable by IA =} 


Klüver (1936, 1941, 1942), studying the visual functions of rhesus monkeys after 
removal of the occipital lobes, concluded, inter alia, that “the bilateral occipital 


monkey cannot respond to differences in brightness but only feren 
density of luminous flux entering the eye.” This finding has been cited in support 


of theories of the phylogeny of visual function (Fulton, 1949) and of the role of the 
, 1951): Kliiver, however, has not publi 


striate cortex (Morgan, 1951; Kliiver, 1942 

any anatomical studies of the extent of the lobectomy. 
tissue mediating peripheral vision extends quite far forwar a 
possibility exists that Kliiver did not remove 


may have retained some peripheral vision (cf. Fig- x). Since the structure of the 


FIGURE 1. 


i i “ulatta, after Brodman. The extent of the 
ie te hetan g Mee 'Redrawn from Marquis and Hilgard (1937). 


striate cortex is shown by stippling- 


human retina appears to be very similar t t 

and PE aval se ees of the far human retina are simila 
reported for his monkeys, i.e- both can discriminate the bri 
same size and neither can 
possibility by studying the 
periphery. 


* Fulbright Scholar. 
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METHOD 


Apparatus. Light from a 12-watt bulb was directed through projector lenses er 
two polaroid filters to fall upon a white screen. The intensity of the light was mee H 
by varying the angle of one of the polaroids and was calibrated by means of a Sal 2A 
photometer. The projected stimuli were circular and their sizes were controlled by 7 
opaque slide containing holes of different sizes inserted between the light source and the 
lens system. Two such optical systems were located equidistant from the screen enabling 
two stimuli of different sizes and intensities to be presented in alternation at the same 
position on the screen. The centres of the stimuli were projected 55° to the right ofa 
small red fixation light. Both the fixation point and the stimuli were located S1 in. from 
the subject and at his eye level. The sizes and intensities of stimuli employed are shown 
in Table I. Since Kliiver did not state the actual range of stimulus sizes he used, we 
selected our sizes to avoid a clearly perceptible difference of size between members of each 
pair of stimuli. 

Procedure. The subjects were seated in a darkened room; their left eyes were covered. 
The following method of adjustment was employed: the stimulus from each lamp was 
presented alternately at the same position on the screen for periods of 
2 seconds. The size of both was controlled by the experimenter. The intensity of one 
stimulus (I) was set by the experimenter and the subject was 
of the second stimulus (I,) until both stimuli appeared equal 
three determinations of I, were made, one with the initial 
stimulus (I,) greater than that of the constant stimulus (I,), one with it equal to the 
constant stimulus and one with it less than the c 
alternated until the subject was satisfied that he had 


i t ger than 1 minute, Immediately 
after each such adjustment the lights in the room were turned on. Each subject was given 
five practice runs before each experimental session in addition to 


before the experiment was begun. 
meaning of “brightness.” 


of their physical intensity. See 
» Were not told the purpose of the 
aware of the actual relationshi imuli 

served as the third sei ationship of the stimuli. One of the 


RESULTS 


$ : T retina they tended toe te the 
total luminous flux of the stimuli h is e j j e Se of 
. That > i i y 
E iabl i i ( ) , th subject adjusted the intensity 


So that its luminous flux (Ia x closel i 
z is : = p 4 i : ss = be 
flux of the fixed stimulus (Ip x A»). This is how in = pf enn 


umn 5 of Table I, where 
TABLE I 
INTENSITIES AND AREAS oF STIMULUS Pairs 
1. A i 2 
=e z Area 3. A,/A, 4. Rangel, Ly Average flux ratios 
q. in.) (ft. lamb.) (lax A/T, x A) 
Dy D, A, | A; J 
R.J.S.|M.F.T.| L. W- 
e aa Ca 0-6 0-09 0:22-0:40 a rI 1'05 
36 ag [ehoz] otz | œröso 1-0 16 | 1-26 
32 3 ERIZE] o% Sazda ee | a 
RR a ealla 
Dh or see bei 9°07-0-18 1-00 0-82 1:00 
A 32 | be a bite Be 0-99 0:93 1-64 


1-02 0:87 1:03 
(The subject was free to vary I, from 0°03 to o-42 


foot lamberts.) 


: 


LUMINOUS U} MIN: D 2 
LUX DISCRIMINATION IN MONKEY AND 
F c o 2 MAN SE 


the ratios of 

ý the flux of th í z 

x Ap) may b ‘ e variable stimuli to the flux of the fixed stimuli 

this ratio ap os an to approximate unity. In the case of ibe ts (abel 

stimuli by ue ximates the ratio of the areas (Aa/Ap). In Fi xation, of course, 

stimulus is re pe 4 each value of the fixed stimulus e PTE of 

s against intensity of tl i . Area of the 

connects the v 3 isiby OF ENE stimulus, both on y 

se sti ce) ah i me > 

fixati ircles) equated to it by the subje Fi e variable 
ion and Figures 2b, 2c and 2d far ee er 2a represents central 


d FIGURE 2 
= 0-40; 
$o 
g 020 F 
= £ 0:20; 
A ë 
2 > 
3 E 
z 5 
0:04 £ 
0-04 
; 02 . f 
Area (sq.in.) Area (sq.in.) Ts BP 
(a) (b) 
0-40, 
A 0-40, 
S 
Ë 0-20) = 
z £ 0:20 
> g 
5 z 
z 2 
5 
0:04 = 0-0 
-04 


02 

Area (sq. in.) a (sq. in.) 
he (c) (Q) 
es of the stimuli plotted against intensity of the stimuli, both on a log scale. 
ae line connects the value of a fixed stimulus (black circles) with the value of 
as variable stimulus (no circles) equated to it by the subject. The dashed line 
À presents TA = kor Ricco’s Law. a) Central fixation, R.J. S. (®) Peripheral 
ixation, R. J. S. (e) Peripheral fixation, M: F.T. (d) Peripheral fixation, L. W. 


k a relationship found to hold approximately in the far periphery may be formu- 
(dast as IA = k. This theoretical relationship can be represented as @ 45 deg. line 
hed line in Figures 2b, 2¢ and 2d). It has been found to hold within a limited size 
nge for the absolute and differential threshold and in these cases 1 


Ricco’s Law. 


ae present study can hardly 
n which the flux relationship ho 


s known as 


ion of the limits 
e, it is of interest 
i mewhat larger 

shold. Thus, Bouman 


atic investigat 


a system: 
All the sam 


be considered 
iphery- 


lours at 55 mm. and 3 deg. from the 
ler than 4 min. 


for areas smal 
In the present study the 


Ove: s J 
a. Brindley (1954); using stimuli of different cO 
Jd for violet on green Or Te 


min. and 3 deg- respectively- 
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É i ip held for stimuli of the order of at least 2 deg. in diameter. (Note that 
pos enion hip E not near unity but involve large areas, the results for one rele 
(L. W.) tend to deviate from the predicted flux relationship toward the intensity rela a 
ship, suggesting that we were starting to depart from Ricco’s Law with cena oo re 
region of 3 deg.) This difference between our results and the earlier results may be al 
the fact that we were measuring equal brightness matches rather than the differen 4 
threshold. Orit may be due to the greater optical distortion in the far periphery. Equa! ed 
it may be due to the greater convergence of rods on bipolar cells in the far periphery. Hov s 
ever, this generally accepted view of a gradient of convergence across the retina (Morga 
and Stellar, 1950; Polyak, 1939) has been challenged (Vilter, 1949). 


Discussion 


Our experimental situation appears to be very similar to that in which Klüver 
placed his bilateral occipital monkeys. In both cases the subjects had been trained 
to discriminate the brightness of two stimuli of equal area and both lacked “pattern 
discrimination. When presented with a pair of stimuli of different areas both approx- 
imately equated the total luminous flux of these stimuli. We wish to suggest the 
possibility that these experiments are not merely analogous but homologous; that 
Kliiver’s postoperative monkeys may have retained some of their far peripheral 
vision. Giving no anatomical recons reported “extirpation of 
the occipital lobes” and that “as indi examination the striate 
cortex had been completely remoy: 1941.) The striate cortex of 
the macaque, after sinking into th ine fissure, “extends forward 
almost to the splenium of the co: yond the level of the medial 


parietooccipital fissure.” 1947). As Figure 1 shows, 


“occipital lobectomy” woul he most ial regions 
of the striate cortex. In fact when Polyak (1933) ee 


r y removed the left occipital lobe of @ 
macaque he found that the anterior third of the striate area in the calcarine fissure 
medioventral segments and the 
the ipsolateral lateral geniculate 
r and Zeeman (1926) have show? 
1e most peripheral regions of the 
ve all the striate area.) Similarly, 
1938) found some anterior tissue Temaining after occipit 
panzee. 


ral and 
gment of 


As he points out, Brouwe 


in the lateral geniculate bodies. 
whether such m 


residual Capacity seems to be simi a eee ae 
Possessing only rods in the retina.” © ae 


d i that found in animals 
ur Investigation, ther 


efore, is relevant to thé 


. T 
Bis ne . 
ee 
Se E, 

O Oe 
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question of whether extreme peripheral, or rod, vision characteristically yields a 
discrimination based only on flux. Our results would seem to contradict the assertion 
by Lashley that “this (flux discrimination ) is not characteristic of human peripheral 
vision” (1931), but he cites no supporting evidence. It is clear that this question is 
quite independent of the more specific question of whether Kliiver’s monkeys did or 
did not have any residual striate cortex following occipital lobectomy. 


This research was carried out with the aid if a grant from the Rockefeller Foundation. 
We are pleased to acknowledge the assistance and advice of Mr. R. L. Gregory and 
Dr. H. B. Barlow. 
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CHANGES IN THE SIZE AND SHAPE OF VISUAL 
AFTER-IMAGES OBSERVED IN COMPLETE DARKNESS 
DURING CHANGES OF POSITION IN SPACE 


BY 


R. L. GREGORY, JEAN G. WALLACE and F. W. CAMPBELL 
From the Psychological and Physiological Laboratories, University of Cambridge 


It is well known that if a visual after-image is “projected” 
in a semi-darkened room, the apparent size of the after-ima 
distance of the surface upon which it is “projected.” 
almost in direct proportion to this distance. This is kn 
1881). Itis of considerable interest, for it is a convincing demonstration that apparent 
size is not a simple function of the size of the retinal image, and that many perceptual 
factors influence the apparent sizes, and distances, of objects. The history of this 
idea, together with the classical experiments, are described by E. G. Boring (1942). 

In carrying out some experiments on after-images produced by a short bright 


be, a number of curious effects 


upon a wall, or screen, 
ge is a function of the 
The size increases with distance, 
own as Emmert’s Law (Emmert, 


clarity and detail, which is es 
I. When the head is mo 
the after-image changes in si 
decreases as it is moved forward. 
after fixating an ordinary electric li 


ght bulb for a few second i i 
é : se ght | a seconds provided the after-image 
Paay blips Ten of the subjects were experienced research workers in the 
psycho-physio ogy of vision. In addition, the effect has been demonstrated in some 
40 relatively naive subjects, mai ai 


this effect. 

2. A similar effect ma 
“projects” the after- 
complete darkness, 
effects may be obse 


So far, all subjects have observed 


; y be observed with the head statio ject 
image of the flash tube on to hi sinh end, ath | 


6 by an opaque object. 
occur evidently depends on the “set” of the ee Of the 


occlusion” effect on some occasions- 


d in his hand, is kept at constant 
h, then the after Ves his head and shoulders and the 


age remains of constant size, It iS 
tance, 


w- 
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4. If the flash tube is directed on to the subject’s hand, so that an after-image of 
the hand is produced, some curious phenomena may be observed, but these are difficult 
to describe briefly. The visual and proprioceptive loci of the hand may separate ina 
disconcerting manner. Further complex effects occur if the subject attempts to pick 
up an object viewed as an after-image. 

5. When the observer changes his position in space, perspective changes may take 
place in the after-image. For example, an after-image may be obtained of a view 
down a long corridor. With the flash technique this will have unusual clarity. If 
the observer then walks across the corridor, looking down it, as it were, then his after- 
image may change in perspective as he moves. These perspective changes are not 
easy to assess, however, for they vary from time to time. 

To observe these effects, it is most important that the eyes be steadily fixated 
while the after-image is being observed. The short flash technique for producing the 
after-image ensures that movement of the retina is unimportant during the production 
of the after-image, which is unusually detailed, but large eye movements after the 
initial flash temporarily disrupt the after-image and cause it to fade rapidly. The 


reason for this is not known. 
We thought it important to discover whether at least the main effect—the change 


in size of the after-image with change in position of the observer—is directly related 
to acceleration forces applied to the observer. To test this, we have examined the 


effect under conditions of maintained angular acceleration in the Farnborough human 


centrifuge. Angular accelerations up to 3 g. were used. This was arranged through 


the kindness of Squadron-Leader T. C. D. Whiteside who, with Professor R. G 
Oldfield, R.L.G. and F.W.C., acted as observers. The sensation of movement in the 
centrifuge is marked during deceleration, when the well-known “tumbling” sensation 
occurs, the observer apparently falling forward head over heels. In this situation the 
after-image of the flash tube may expand, as though the observer is falling into it. It 
seemed clear to all four observers that the magnitude of the effect is not a simple 
function of “g,” but may be related to the subject’s impression of his movement, Or 
the movement of his head, in space. 


As a speculation, we may suggest that at least some of these phenomena, and also 


Emmert’s original observation of after-images “projected” on to a visible screen, may 
be related to Size Constancy. When an object is viewed normally, decrease m the 
observer’s distance from an object will produce a corresponding increase in the size 
of the retinal image, but the perceived size of the object may remain almost constant. 
In the special case of the after-image the image on the retina does not change size as 
the observer changes his position in space. If the compensation system which 
Normally maintains perceptual size almost constant when the retinal image changes 
in size were functional in the after-image situation, then we should expect the kind of 


effects reported here when the observer changes his position in space. If this inter- 
Pretation is correct, it gives us a technique for studying the Constancies 1n dynamic 


Situations. 
a T. C. D. Whiteside and Professor 


We are most grateful to Squadron-Leader 


R. C. Oldfield for constructive advice and active help with the observations. 
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ATTENTION IN DICHOTIC LISTENING: AFFECTIVE 
CUES AND THE INFLUENCE OF INSTRUCTIONS 


BY 


NEVILLE MORAY 
From the Institute of Experimental Psychology, Oxford 


g one of two simultaneous messages presented dichotically, subjects are 
Even if the rejected message 
times, a recognition test fails to 
If numbers are interpolated in prose passages presented for 
ected messages if the instructions 
instructions are general: a specific set 
hrough the attentional barrier set up in this task. The only 


> i subject’s own name. it isf 
probably only material “important” to the subject that will break through the barrier. 


INTRODUCTION 


Cherry (1953) introduced the method of ‘‘shadowin 
for the study of attention in listening 


content of amessage simultaneously 
By “shadowing” is meant that the subject, while listening 


peats it out loud at the same time. The first experiment 
y Cherry's findings, 


presented to the other ear, 
to a continuous message, re 
was to test more rigorous] 


METHOD 


of the subject, and in as about 
All passages were recorded by Spee eech rate was 


the li trot 
nd of shadowing and th e list nor the passage, as a con 
in 


: Be a 
about 30 sec. The results are shown in Table I eginning of the recognition test 


| 
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. TABLE I 
ECOGNITION SCORES FOR WoRDS FROM SHADOWED AND REJECTED MESSAGES 
Mean number of 
words recognized 


Words presented in shadowed message -- " a 49 out of 7 
W ” - gi rejected "i T is sas T 1:9 out of 7 
ords presented for the first time in recognition test .. 2-6 out of 7 


ie ia here is no trace of material from the rejected message being recognized. The 
te rence, however, between the new material and that from the shadowed message 
ih gnificant at the x per cent. level. The 30-sec. delay is not likely to have caused 

e rejected material to be lost since words from early in the shadowed message were 
recognized, and the work of Ward (1937) would suggest that this pause might actually 
increase the score. The present findings are in agreement with those of Cherry (1953). 
. Although the content of the rejected message seems to be blocked gross changes 

i be recognized (Cherry, 1953), and there is much anecdotal evidence to suggest 
or in selective listening the block can be broken down by certain sorts of material. 
Mothers hear children crying, and it is always said that a subject will respond to his 
own name even though the signal/noise ration is low, as at a cocktail party (to give 
an everyday situation). It was decided to investigate this experimentally to find the 
limits of the efficiency of the attentional block. 


xperiment II 
es were required to shadow ten short passages of light fiction. They were 
i that their responses would be recorded and that the object of the experiment was 
3 T them to try to score as few mistakes as possible. In some of the passages 
nstructions were interpolated, but except in two of these cases the subjects were 
not warned of these. In half of the cases with instructions these were prefixed 
by the subject’s own name. The order of presentation is shown in Table II. 


TABLE II 
Passage Instructions at start of passage Instructions within passage 
I Listen to your right ear All right, you may stop now. 
II i om ve a s No instructions. 
HI ay is W a ii John Smith, you may stop now. 
IV x g À ñ a No instructions. 
V wo v & i e Change to your other ear. 
VI oie ase i a Sk No instruction. 
VII ee d m a m John Smith, change to your 
i other ear. 
VII Listen to your right ear: you will receive Change to your other ear. 
instructions to change ears. A i 
IX Listen to your right ear. — No instructions. 
X Listen to your right ear: you will receive John Smith, change to your 
other ear. 


instructions to change ears. 


Do O mee aT ee ee 


The “no instructions” passages were interpolated in the table at random. For 


any pair of passages with instructions that without the name was given before that 
er would be heard, 


with the name, as it was thought that it was less likely that the form 
and hence less likely that a “set” for that particular instruction would develop before 
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its second presentation. Most of the subjects ignored even the Se een re 
presented in the passages that they were shadowing, and said that they thoug a 
this was just an attempt by the experimenter to distract them. The passages They 
read in a steady monotone at about 130 words a minute bya single male voice. a 
were checked with an Avometer to ensure that there was no significant ee “a 
intensity when the subject’s name was spoken. The variation was within we a 
suggested by Moray (1958). The subject's responses were tape-recorded an 
analysed. The subjects were students and research workers. 
The results are given in Table III. 


TABLE III 
RELATIVE FREQUENCIES oF HEARING OF 


AFFECTIVE AND NoN-AFPECTIVE 
INSTRUCTIONS WHEN PRESENTED I 


N THE REJECTED MESSAGE 


Affective Non-affective 
(instructions preceded by | (instructions not preceded by 
by name) 


name) 
Number of times presented .. 39 36 
Number of times heard 20 4 


(pooled data for 12 subjects) 


e 
now heard as part of th 
X. The mean number 4 
message was calculated, and th! 


d in passage 
) n the rejected 
difference between the “names” : 


i and “no-names” situati i t test: 
The difference is highly significant, £ = 3°05, giv o_o. 
the per cent, lev 


ing a level of confidence greater tha” 

vel, where t= 28r. uggests that the affective value of ê 

TY Important in determining whether it will break through the 
dichotic selective listenin 


The 


IV. 


experiment. 
given in Table 


TABLE IV 


. Mean frequency of hearing 
n TRA Hi in pere message 
Y 12 subjects 
John Smith, you may stop now = 
a » change to your other ear as 
a3 ” ” 5g » j ea 
(after Pre-passage warning) Ta 


per subject 


a 
- qon C 
o mr 
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While the difference between the last class and either of the first two is not significant 
at the 5 per cent. level of confidence (taata = 3-86; toos = 2°13) the difference does 
suggest that instructions might alter the set of a subject in such a way as to alter the 
chances of material in the rejected message being perceived. A further experiment 
Was carried out on this point. 


Experiment IIT 

_ Two groups of 14 subjects were required to shadow one of two simultaneous 
dichotic messages. In some of the messages digits were interpolated towards the end 
of the message. These were sometimes present in both messages, sometimes only in 
one. The position of the numbers in the message and relative to each other in the 
two messages were varied, and controls with no numbers were also used, randomly 
Inserted. One group of subjects was told that it would be asked questions about the 
content of the shadowed message at the end of each message: the other was specifically 
instructed to remember all the numbers that it could. The difference between the 
mean number of digits reported under the two conditions of set were analysed and 
submitted to attest. In none of the cases, whether the score is the mean number of 
digits spoken during shadowing, nor in the number reported, nor the sum of these 
two, is the difference significant even at the 5 per cent. level of confidence. From 
this we may conclude that while it may be possible to alter set so as to increase the 
chances of material from the rejected message being perceived, it is at least rather 
difficult for neutral material: in the present case the numbers did not become 

important” enough to break through the attentional barrier. 


DISCUSSION AND CONCLUSIONS 


The present results raise a problem that we may call the “identification paradox”: 
that while apparently the verbal content of the rejected message is blocked below the 
level of conscious perception, nontheless a subject can respond to his own name. 

Cherry’s initial report on the use of dichotic shadowing described the sort of reports 
that subjects could give about the rejected message. They could distinguish between 
Speech, noise and tones, could recognize clicks and gross changes in pitch such as the 
change from a man’s to a woman’s voice, etc. But the verbal content of the message 
Was completely blocked, even to the extent of the subject being 
language the message was being spoken. Since the subjects could report as much as 

hey did, peripheral blocking at the cochlea or cochlear nucleus such as has been 
artificially produced by Galambos (1955), and reported in the unanaesthetized cat by 
Hernadez-Péon, Scherrer, and Jouvet (1956), seems unlikely to be the full story in 
the present case. Such blocking could produce a failure to respond to the input to 
ne ear, but is unlikely to cause a selective failure to respond such as is seen 1n 

© present case. It seems more likely that their mechanisms are concerned with 
8Toss switches from one modality to another such as Hernandez-Péon was using in 


Us experiments. 

In the dichotic shadowing there seems to be only a selec 
eld that while simple discriminations may be performed b 
Tain, the cortex is required for pattern discrimination © 


Sharpless and Jasper (1956) found that pitch discrimination and sound leale 
ould be performed by a cat missing cortical areas Auditory I and II ae a 


Medial geniculate body degenerated. But interval discrimination ind ; 
Pitch was impossible. So the present data suggest that the block in dichotic shadowing 


Occurs at quite a high level, and that the block is central to some pattern analysing 


tive block. Itis generally 
y the lower centres of the 
f any complexity. Thus 


Mechanism, 
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In this connection the work of Ingham (1957) reported in this Journal is ee | 
He could show no evidence for a change in the absolute threshold for the pec 
of pure tones whether the attention was directed towards or away from the ae 
which the stimulus was being presented. This result can be taken with Cherry’s initi F 
findings and those of the present writer and combined as follows. When aen a 
is directed to one ear rather than the other there is no change in the threshold for t H 
perception of simple stimuli, such as tones and meaningless noises. These are E 
treated similarly, and words are treated merely as sounds in this sense. This allows | 
the subject to know that something has stimulated the ear whose message he rejec 
it may be thought of as a general warning signal, that a sound has occurred to whic 
the subject might need to respond. In addition to this there is a second system, 
concerned with pattern analysis and the extraction of verbal meaning from the 
stimulus input. At least some of this analysis is done below the level of conscious 
perception, and it is at the output side of this analyser that the block functions i? | 
dichotic listening. Certain patterns, those which are “important” to the subject, are 


selectively transmitted even when the block is in operation. 


An example of such a? 
“important” stimulus is a person’s name. 


3 Subjectively be 
trate the block: thus a 


TA ne abel oo = Sines Davin; ho supervised the research, an E | 
necessary for it to be carried out. —_ Scholarships Provided the financial assist# 
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Elements 
of Psychology. B: id E ; 
s y David Krech and Richard S. © Zi 
a on A. Knot 1988. Pp. xix -+ 700. 528. . Crutchfield. New York. 
uction to Psychology. By Ern i 
‘ Tost, Pp viit ned pA est R. Hilgard. London. Methuen & Co., Ltd. 
r. Krech and Dr. C: 
and socia > rutchfield have had the bold idea of trying t i i a 
this ea PAYET within the framework of an SE kek inteme MEORE, 
the authors eh E e coe their departure from the study of e 
mental process es sideration ©: motives and emotions, and thence to the hi: her 
to look at es envisaged in terms of biological adaptation. A sı i S 
at the individual in his adapti FA i ot erious attempt follows 
are thus w : a adaptive relations with society. Although ial a 
aoe ot wes ered, the strength of the book undoubtedly Ties in the os eet an 
Recerca ies ada kt oe If for this reason alone, the book may be conhaeatly 
u: r dical students and others vit i i aini ceeki 
ea ee ganni of modern psychology: ah ae aiene scekingyan 
_ Pr. Hilgard has revised and largely rewri ey i : 
its devel ar argely rewritten his earlier text on human bi ri a 
headed ee As one would expect from this author, the approach is Dehan a 
Means unaw. cae ee experimental in tone. At the same time, Dr. Hilgard is by no 
made by ps aS of the claims of the less objective types of inquiry and of E 
of aE ne ho-analysis to our understanding of human growth. Within the convention 
‘Althou SE psychology, this is a very useful account indeed. 
or use in iy a mirable in their different ways, neither of these texts is wholly suitable 
Aans wall cag with an Honours Degree course in psychology in a British University. 
ours and Se undergraduates in America tend to come to the subject» younger than 
dRadvancėd ee, different educational background. Further, we lack the tradition 
whether pee ea emic instruction at post-graduate level. For these reasons, it is doubtful 
Courses in a AE primarily with a view to “adoption” by elementary psychology 
a say this he nited States can ever really meet the needs of the British undergraduate: 
is no disparagement of either book under review. The moral is surely that 


we m 
ust endeavour to meet our own needs by our own efforts. 
O. L. ZANGWILL. 


The Meas 
e Measurement of Colour. By W.D. Wright. 2nd Edition. London. Hilger and Watts 


3 Tta. 1958. Pp. ix + 263- Price 52s. net. 

it is Ho pencrally accepted that Professor Wright is the British Lion of colour vision, and 

Pati Gene to consider how he has reached this remarkable position. He has not 
it by pursuing adventurous and exciting paths, or by offering to change our 


Outl rar ; Š 
ook on colour vision and colour blindness radically as a result of his experiments. On 
It of activities tirelessly industrious but ideally 


t 

ee his progress has been the resu 
and cautious, so that one marvels that he could have dealt exhaustively with a 
s, dangers and temptations as colour vision, without 
Say that Wri 1 traight and narrow path. We might 
önig a A right has followed the perfect line of research laid down by Helmholtz, Abney, 

This nd others, and has devoted his life to its exploration unswervingly. 

is book, The Measurement of Colour, js one of Wright's great achievements. It is the 
and has been extensively revised, re-written 
t possible to include in the book the final 
n of the colour matching functions with 
chromatic colorimeter, at the National 
book, of course, is to set 
stem of colour measure- 
he Ostwald and Munsell systems. This aim 
i trum, the receptive function 


ry and colorimetry. Interesting chapters follow, dealing with 
duction in printing, photography and 
the problems 


meteorology, 


Colo A eye and photomet 
Colour ects and spectrophotometers, colour repro 
of food evision, and other practical applications of ci 

colour, lighting, chemicals, paints, signal glasses, pape 


olour measurement to 
r manufacture, 
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" P ; : d four | 
y and so on. There are eight plates, many illustrative diagrams anc outi 

ESES containing important tables. The value of the whole book for the practi i 

colourist, as well as for theoretical and research purposes, can hardly be aris a i, 

To the psychologist, who is accustomed to a painstaking study of individual di * oo 
it is disquieting to find experiments reported which have been carried out on one, | A. 
small numbers of subjects, and that the essential data for the 1931 GLE sinp E 
observer,” which still hold sway, were based on measurements by Guild on seven an this 
Wright on ten invididuals. Except for three diagrams, little or no evidence is given in A 
book about the variability of their colour vision among themselves orin relation to waa 
the population they were chosen to represent. Itis reassuring that Stiles and Burch ha i 
dealt with a number more like fifty subjects in their recent work. The 

Fortunately, however, there are certain circumstances which restore confidence. a 
experiments and measurements involved in the determination of colour matching functio 
with Guild’s, Wright’s and Stiles’s colorimeters are so exacting that they can be carrie 
out satisfactorily only with expert or fairly practiced observers. To work on fifty observer 
would be a tremendous task, and the labour of really extensive observations would be toy 
great to contemplate. Luckily, this exhaustive testing is probably not necessary. It 15, 4 
remarkable fact in comparison with the great variability of human characteristics I" 
general, such as height, weight, girth, intelligence and so on, that the colour vision of abou 
92 per cent. of the male population is so little variable that in fact even less than fifty 
subjects may be a very fair representative sample. 

There may be other points in the boo! A 
instance, on page 47 it is said that we can be reasonably certain that the fovea itself n 
devoid of blue receptors, and on page 195 levision system there is lit 
need to transmit information on the at the high frequencies wbi? 
correspond to the fine detail of the picture. ctical importance, and probab! 
quite sound, but it would be reassuring to have a presentation of satisfactory statistic® 
data about the possible de 
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cussing the Vineland Scale of “soc; Apter on Levels i a 
implicit assumption that as ex. 
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pees is not necessary.” Again, after an enlightening account of Eysenck’s work 
TA he “neuroticism factor” by means of “criterion analysis,” Diamond comments: 
ae results deserve serious attention, but they leave us to a degree uncertain whether the 
vestigator has penetrated the mystery of nature, or forced it to his will.” 
ee Diamond is gifted, apparently, with a generous supply of robust common 
me, y hich has withstood the impact of intensive reading and thinking in the field of 
SA vey and more especially in that wide, meandering strip known as “personality.” 
aA chapter on Interests, for example, he says: “As always when the question of inter- 
Sa A pope es and environmental factors arises, it is more profitable to be alert to the 
parti ee their interaction than to pit them against each other like gladiators, with the 
heen ta hope that one of these forces may annihilate the other. . . . In fact they have 
sat iving peacefully together for a long time, except in our minds.” And when writing 
meee Defence of the Self-concept, he puts his finger on a fallacy of the type which con- 
a y occurs in personality theory: ‘s + we are led to suspect that all our self- 
gee: feelings arise as compensations for our initial feeling of smallness—that there 
a be no ‘feeling of superiority’ except as the expression of a deeper-lying feeling of 
HA tiority. Although there are certainly a great many cases In which this Adlerian theory 
applicable, we should not deny the possibility that feelings of self-satisfaction may grow 


Beals that mental abnormalities represent extreme developments of normal processes” 
ak on the motivational and non-cognitive basis” of ‘ 
a ni On the other hand, he is sometimes guilty of naiveté. He tells us, for instance, 
the ona self-rating scale “only about I per cent. [of a group of high-school pupils] put 
ee in the bottom fifth of the class with regard to honesty”! Weare later informed, 
ith equal gravity, that Strong's masculinity-feminity scale “is also available for the 
Women's form.” 
Te Such are minor points, however, in a generally satisfactory book. Personality and 
ee aren is a useful reference book in that it deals comprehensively and fairly with 
ee ch of the relevant literature and has, itself, an excellent list of references. The book 
n also be read, instructively and enjoyably, from cover to cover. 
A. W. HEM. 
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ACCURACY OF AIMING IN LINEAR HAND-MOVEMENTS 
BY 
G. H. BEGBIE* 
From the Medical Research Council Applied Psychology Research Unit, Cambridge 


i Six subjects took part in an experiment which consisted of drawing, in a horizontal 
ig ane, a number of lines of different lengths and in different directions. The lines were 
Tawn from a starting-point towards a target-point, and the instructions and previous 
signed to ensure that the lines were drawn in one movement without 
appreciable amen nt during the drawing. The direction and length of the lines were 
both found to affect accuracy of aiming, and certain directions showed a persistent 
Hias in the distribution\of their errors. Closing the eyes just prior to and during the 
ae of the lines had the result of diminishing the effect of changes in direction and 
length, but it increased the bias. In attempting a theoretical analysis of the results, 
Some of the limitations imposed by human anatomy have been considered in an elementary 
way. The general conclusion is that, in this task, the effects of altering length, of 
altering direction and of opening or closing the eyes can, to a great extent, be plausibly 
ascribed to the particular anatomical nature of the human operator, provided one makes 
certain simple assumptions about the theory of movement control. 


INTRODUCTION 


Linear hand-movements have been studied in a number of different experimental 

contexts. In most of these the task involved the accuracy of the final position, ¢.g- 

Whorndike (1931), Peters and Wenborne (1936), Macpherson, Dees and Grindley 
(1948), Brown, Knauft and Rosenbaum (1948), Brown and Slater-Hammel (1949). 

_ On the other hand, there is not so much information available about simple 
aiming at a target, where the criterion of success is the closeness of the track to the 
target, and where the hand-movement may be allowed to proceed beyond the target- 
distance, if necessary. In experiments by Fitts (1947), results were obtained on the 
accuracy of reaching with a stylus to an array of targets arranged round the subject. 
The movements were probably not linear and their nature was quite free in three 
dimensions. In a series of experiments by Corrigan and Brogden (1948, 1949) 

Accuracy of aiming was assessed during the movement, as it were, rather than as 
an end-result, by counting the number of contacts with the sides of a linear track. 


The task was pursuit in nature an the speed was comparatively slow. In both 
irection of movement was found to play an 
Important part in the resultant accuracy. Siddall and Holding (1956) studied a 
task in which errors of both positioning and aiming could be made. The movements 
Were fast, but the four directions which they chose did not show significant differences 
m accuracy. ` 

1 The present experiment was designed to study 
orizontal plane, when the direction and length of the path 
obtain further information on the way in which the movemen 


the accuracy of aiming in a 
could be altered. To 
t was being controlled, 


* Now at the Physiology Department, Edinburgh University. 
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it was arranged to carry out the experiment both with and without visual cues 
during the time of drawing the lines. Since only accuracy of aiming was in question, 
the line was defined by a starting-point and a target-point (not an end-point), and 
no attempt was made to measure errors of positioning in the direction of the path. 
The accuracy was recorded by examining whether the line went to the right or left 
of the target-point and by how much. Since internal details of the movement were 
not being investigated, it was found convenient to have the lines drawn at a fairly 


fast rate, so that they might be as straight and as free from secondary corrections 
as possible. 


METHOD 
Subjects 


The six subjects who took part were naval ratings of between 20 and 23 years of age, 
with at least 3 years of service. Only one had done any manual precision work (engineering 
tool designing). All were right-handed and had normal eyesight. 


Task 


heet of paper w: 
gth could be dr: 
The total o 


Thermo n pen and length and presens 
) mization was the same for each subject on an 
one day, but differed from day $ day. E angle associated with each direction was 
; starting to draw thi i any sheet yee 
had a plan of the directions with their angles on ie oe oe eerie 
inning of each Practice session and 5 is 
the correct direction and where you will need ee fe es 
Plot out mentally we 
cally opposite dot. m 
Straight a sweep as possib t 
z i c ; aper. You may i t 
an bid a aa phe line as Straight as possible Repeat this se he, oe pairs 
Uaioe tight aan ee vhich you eray the four lines on a sheet should e 
ae When you have finished with one shee, 


a ne, and a new angle will be called out: 
second experimental ion (in which the eyes were clos 


On both sessions, the Subject could view z vet? 
wards, before proceeding to the ae ie oe of his drawing immediately after 
increase the speed, it was found ti OUR 


= 3 -en 
hat by tl no instructions were give! 13 
were taking less than half a seco y the id bo Practice sessions all the subje? 


Environment 
Each sheet of paper was presented to t A aa d 
The sheets of paper and the o the subject by laying it on a rectangular P^ 


pac measured 324 cm, by 20% cm. The centre of the P# 
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was in a a new AP 
Bae i al bn a a nee u Hs from the centre of the front of the subject’s body, 
325°, while the Bro y- Em rer the subject for directions 0 35° 145°, 180°, 215° and 
the shape of the pa edge was nearer for directions 90° and 270°. This arrangement and 
perceptual pee pad were adopted because of the angles used in the experiment. The 
for the 90° oe ee ork, within which the lines were drawn, was therefore slightly different 
of paper aoe k T i lines. However, some preliminary experiments with different sizes 
in the Sate ame ca poe sufficient practice had been given, such an alteration 
accuracy artic oot. he framework appeared to have no significant effect on the 
ie oe seated ona backless stool which was at a height of 51 cm. above the 
at the ap a rest his arms, if desired, on the table, which was 77 cm. high and situated 
black kaa X imeto centre of the room. The surface of the table was draped with a dull 
Zosen, f ie nt room was blacked out, and the only source of illumination was a 
of light He able lamp with a 60-watt bulb. A cylindrical shade enabled a circular pool 
Tone e cast on the working surface, and this circle had a diameter of approximately 
` T in the area of full brightness. 
table eae were instructed to keep their shoulders and trunk squarely to the 
form of antes tee an they were observed closely to see that this was done. But no 
eortiplications. as used, as it was thought that its presence might introduce further 
Scoring 
asp ane egies of aiming was assessed in two ways in order to emphasize two different 
Uani Agee a i task. Firstly, the perpendicular distance of each line from the target 
four lines nen to the nearest millimetre, and this quantity was summed over the 
result sae e e sheet, irrespective of which side of the target-point was involved. The 
Particular eee as the “error for a particular direction, @ particular length and a 
ores: ar subject. Analysis of variance procedures were carried out on these error 
ue oe each line was also assessed on the basis 
tö ae a ise of the target-point. For each direction, length and s 
haven ae umpe of attempts which have a clockwise error and the number which 
“bias” ra i-clockwise girar. The ratio of these two numbers gives an indication of any 
In are may be present in the distribution of the attempts around the required line. 
aloneis o subsequent statistical work, results whose probability of occurrence by chance 
x per eit 5 per cent. are reckoned as not significant. The phrase—' significant at the 
Parti . level of probability" —1s taken to mean that the probability of achieving the 
cular result by chance alone is less than or equal to x per cent. 


of whether it passed clockwise or 
ubject, it is possible 


Viss RESULTS 
tsion 
ea Saag es analysis of variance app 
and ibe fects due to differences between sub 
Sant so the two visual conditions were a ; 
The! evels of probability respectively). None of the interac 
on effect of closing the eyes was to multiply the errors four to ten t 1 
a esponding F-ratio for the variance due to the difference between the two visual 
Onditions had the very large value of 20932., Because of this, and because there was 
No interaction between visibility and any of the other variables, it was thought 
appropriate in what follows to analyse separately the figures for eyes open and eyes 


Closed (Table I) . 

Length 

der is clear from Figure 1 that increasit 

ona c that the difference in errors between lengt 
eyes closed. 


ën It also appears that ther 
Sth 24 cm. to length 32 cm. 


lied to the complete data showed that the 
jects, between lengths, between directions 
Il significant (at the 5, I, 1 and I per 
tions was significant. 
imes, and the 


ng the length increases the error, and Table I 
hs is significant for both eyes open 


e is a sudden large increase in error in passing from 
It is possible to test this by dividing the lines into 
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a “short” group—xz6, 20 24 cm. in length, and a “long” group of 32cm. (The terms 
“short” and “long” will subsequently be used in this particular sense.) This sub- 
division can be introduced into the analysis of variance and it is then found that the 
overall significant difference due to length resides principally in the difference between 
the short and long groups in the case of eyes open, but that it is not possible to make 
this statement statistically significant for eyes closed. 


pe —— E 


TABLE I 
ANALYSIS OF VARIANCE 
| jfi 
s | | | Signift- 
Variable Ses. D.F. M.S F-ratio cance 
Subjects (S) 1412 5 282 5 % 
Directions (D) 7a nee P rs 32 
Lengths (L) | 286 65 % 
Between groups 284 | ž | 28. si ” 
Within groups | 2 2 | I 284-00 1% 
Eves Sx D | 11738 Sal E a 
Orex | $x L f z 2 ee 
LxD | n 15 45 1°73 
2 21 2 
Between groups 362 7 4 “a 
Within groups | 362 I 26 
y | 4 26 2:00 
Residue 2708 5 
Total ne S 26 
a 4 I9I 
= N 
Subjects (S) | 2071 s | 
Directions (D) 5101 2 a14 a8 | sng 
Lengths (L) 3228 i es ike 5% 
Between groups 2365 : = 
Within groups 86 2305 
Eves | § xp ieee 2 432 5°47 
CLOSED |S x L I 35 480 1:49 
LLD sea 15 188 0°58 
Between groups 6858 “ obo 1:27 
Within groups 4 
Residue © P 5706 ta 125 784 1% 
Total 33917 105 23 
72571 IQI 


The “groups” refer to the long- 


short classification, 
Direction 


etween- TOW i 5 ect 
eyes closed but not stoup variance with resp 7 


for eyes open. One might 5%% 
significantly different from wa 
It may be noted that the same gen! b 
» although the results do not rea® 


1076 3°33 5% 


e long lines is 
See Fig. 2), 
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] 1800 


Eyes open Eyes closed 
170}— 
1600] 
g F 
E 
c 
= 1500 
: r 
k a220 = 1400 
E 
£ 
í z 20 we 
e 
a 
120 = —— oe oo S 
16 20 24 32 1200 
cms cms cms cms KA R ot an 
Lengths Lengths 
FIGURE 1 
| The values of the total errors at each of the four lengths. 
i % 24 cms (a) =a / 
40 Ra = 


g á 
= E 100 32 cms (a) 
s 80 Z oR 25 y 
5 = ON Ta we > 
S x 40 
ï S 310 
= & 290 
270 
| 250 
ep 230 
4 SA ShorsAfean (J a1 
190 7 170 
130 as 4 ~~ ar 130 
130 ns Short Mean tb), j 110 
ioe a ar o NF F wo a0 0 
Directional Angle Directional Angle á 
FIGURE 2 
The “short 


Error as a function of direction for: (a) eyes open, (b) eyes closed. 
f the 16, 20 and 24 cm. graphs. 


mean graph” gives the values for the means ©: 
ns is significant, it is found 


(b) _ Although the overall difference between directio: nific i 
at thirty of the thirty-two pairs of opposite directions show no significant difference 
: or and t-test. This 


etween members of a pair, as reckoned by a standard err and 
Phasic character might, of course, have been expected on @ priort grounds. In 
racter to the long line graphs, for 

o 


addit; ave I 
adition, there appears to be a quadriphasic cha the ] phs, for 
Ere of twenty-four possible cases, no two of directions 35, 145°, 215, 

25°, nor of 0°, go®, 180°, 270°, differ significantly from each other. 
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(c) The approximate position of a ‘‘best”’ line, or lineof least error pan fe 
from the data. For the phase consisting of directions 35°, go , 145°, 180°, a e 
145° is best for seven of the eight conditions and second best in the iia + Pe. 
For the phase consisting of directions 215°, 270°, 325°, 0°, direction 325° is al 
five of the eight conditions and second best in two of the remaining ae 
investigation would clearly need more directions than have been used in this ox ar 
ment, but one can say the line of least error is likely to be near the 145°-325 
direction. 

(d) Corrigan and Brogden (1948, 1949) 
that differ substantially from the present techi 
that precision of arm and hand movement 
movement by an exact trigonometrical fu 
tested here by fitting curves of the form 


while using a method and apparatus 
nique have produced evidence to ig 
is related to the angular direction 0 
nction. Such a hypothesis has been 


yY =a + b cos 2x + c sin 2x i 
to the data (the dotted lines in Fig. 2). Here y is the error score, x is the ae 
angle, and a, b, c are constants to be determined separately for each graph. Th 
fitting has been done by the meth 


od of Least Squares, Although the correlation 
with the data is suggestive, the more rigorous statistical tests fail to reach tie 
required level of significance. It has therefore not been possible to prove that the 
observed cyclical relationship b 


i Tee š ict 
etween errors and direction is necessarily of a stric 
sinusoidal nature, 
Bias 


Table II shows the number of hits, clockwise 
which were obtained for each direction at each of t 
additional column for the sum of the scores for the 


misses and anticlockwise misa 
he four lengths. There is also al 
first three lengths (the short lines)- 
TABLE II 


NUMBERS or Hits AND MISSES 


a Sum of 16, 
16 cm. 20cm. 24 cm. 20, 24 cm. 32 cm. 
A oe ae Pe 2 Fle w sl w T 
0° 8 9 gla 5 8 7 © M/s go 2 6 2 
0 2 2 26 | to 
35. 2 6 16 3 Slr é 6 20 22 30 9 7 a 
R eo | 8 x: gl $ 4) 5 32 7| 38: TA i 7 p 
YES 145° 7 13 4/1 ro 3 9 IO 5 | 28 33 Ir 6 6 7 
OPEN 1807 I 4 9] 6 g 10 S os w 25 17 30 $ 3 8 
a me E it 8 ole ee 30 19 233| 7 8 k 
2 5| It ir 2| 8 2 mz 2 
325° | 10 9 3| € w $| 6 ae é a - = 3 á ? £ 
Zia sala a 15| 6 ig 
a 3 5 © 18] r 50) G@ 2 “g 
> M |i 3 t l| xo 2 
Eves | 145° 13 5 6 5 7 2 13 : | 8 2 o 76 3 a 
CLOSED 180° C Elg t 14| 8 o FA = E aa 2 2 
25, | 12 4 olro o Tite e ola a i a 
ae Sle oe e % 5 ajag ot la 2 7 
S20 I œ F ia S 5| 3 4|49 7 1] 7 77 
A = angle. o=hit, _ _ anti-clockwise miss. +. = clockwise miss. 
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In analysing firs 
that the E a aa tor short lines, it is apparent from the table 
Pattern ef bi ses occur when the eyes are closed. In the latt iti 
a Fe ee pi remarkably constant over the three cuts, par 
of bias for ke a A each of the remaining directions has precisely the ot =i 
ree Heap nE h. The biases for the combination of the first three length 
_ ns ant pattern. It may therefore be said that the pattern:— > 
35° a gy Be a y” 325 


+ 
r F aus — + 


(where + j i 
: a ; ¿wise bi 
in the eyes ue a — bias and — an anti-clockwise one) fits all the results 
of the cighiteen ie sip sag eee eyes open state, the same pattern fits thirteen 
: or separe 
combination eN e three separate lengths, and all the results for the 
or the ines i 
fhe. biase ok lines, the establishment of a pattern must be more tentative, since 
descr Sa Lg eee It will first be noted that there are only three 
i ats veen the eyes 0) S iti 
itom Megs ccs acne an Sa ene aki eyes closed condition. Hence, apart 
: i : 
a 35° go° 145° 180 
fits all th a z . i 
apin. e results for the eyes closed conditii 
Therefo: 
eat og! Bs Lig the short and the long lines there are at least six directions 
a a A ic “I show a uniformly predominant bias in the distribution of their 
s effect is most marked when the eyes are closed. These results are 


su ised i 
Mmmarised in Figure 3. 


F 215° 270° 325 


on and all but one of the results for eyes 


The short line figure shows a high degree of symmetry, 
0° 


35%, 


90° 
270° a! 270° 
i 
aP 
} | 145 
j 180 180° 
. Short lines Long lines 


FIGURE 3 
tation of the bias for each direction. 
tion of the errors at the target-points. 


The arrows 


Di : 
lagrammatic represen 
indicate the direc 


arious directions are “pulled in” towards 
The long lines show almost as 


ds a line probably slightly clock- 
are pulled is certainly in 


on to both the short and 


lieving that the two lines 


the 
effect of which is to suggest that the v 


line: a 

ia slightly anti-clockwise of 145°-325 

Wise of me a of symmetry, with a pulling-in towar 

he wey 325°. The special line towards which others 

ong line ourhood of the line of least error (that one comm 
s). Reasons are advanced in the Discussion for be! 


ates 
te identical. 
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DISCUSSION 


ioie ice has 
As an initial simplification one may assume that the previous etn: an 
li inated most of the more obvious sources of error due to inisinterpre nA oa 
sitial field or to faulty assessment of the physical demands of draw ing wi Puo 
e ts aper. There will still, however, be possible sources of error in the interpre 
of def eration fed back from the hand and arm. Se acca 
In particular, one must ask whether the subject can correct mista e ate ie 
they are made, given the necessary motivation. Woodworth (1899), in s BRE 
relationship of speed and accuracy, concluded that movements made ata e he 
than two a second could not be subject to amendments based on visual cues. aol” 
“initial impulse” rather than by “current con f 
made the same distinction in a slightly different ee a 
nology when considering the way in which velocity changes along the. path. ni 
ce (1948), Taylor and Birmingham (z949) T 
(1952) on responses to abrupt changes of visua k 
kinaesthetic stimuli indicates that the time limit of approximately half a se 


ues. The theoretical basis ° 


’ theory of movement control, vi 
movement is proceeding 
He considers that this feed bats 
to time to give essentially intermittent information ° 
position. 


It can, of course har 


> 


- of 
dly be denied that there is some current feedback ° 
kinaesthetic data, and doubtl i i 


n 
at this needs at least half a seco! 
to become effective, The ti 


s was in fact always less than half , 
erefore no amendment was pess a 
uctions and the practice which W o 
hat, as far as possible, by the are ; 
ng movements of precisely this fa 


e nature of the instr 
designed to ensure t 


subject was maki 
straight nature, 


p 
Such movements have been called by Craik (1947) and others—“‘ballist!®. 
But this term, as used originally, e.g, by Stetson (1905) referred to cases where è 
moving member was uncontrolled impulses in the direction of its cou" e 
i , aS an almost inert object, by . of 
- To call the present typ“. 
ets ri ay suggest that the limb is not subject to any control maid 
path, whereas there may S hich ca 
ae hae A te pre-set nature, whi 


ssumed that the resultant 
of the original 
emain intact; 


ely 
A ia ire’ 
accuracy is necessarily ent pe 
Programme, or “initial impulse. 


ift 
: if 
it may be subject to some kind of 4 
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"isabel nae ia and its execution. It is well-known, ¢.g. by golfers that once 
Sol fee ne <n been planned, the absence of continuous checking before it is carried 
ered g eterious effect. One method of providing the opportunity for this is 
ae scree time-lag into the system, and this was noted by Woodworth (1899) 
PSN pi . repetitive movements. He found that when the velocity of the move- 
fees Sees epe a accuracy diminished if the interval between movements 
FARA poa ; e attributed this to an increase 1n variability of the primary 
Sete ie t= the delay. Macpherson, Dees and Grindley (1949) reported that, 
ase) ted 7 of tasks, a shorter interval between performances (down to about I or 
De ed to greater accuracy than a longer interval, when knowledge of results was 
od tb (1948) and Taylor and Birmingham (1949) have shown that the 
its ne o vil check from the moment of initiating a movement has no effect on 
the ape provided the movement is of the fast nature described above. Hence 
iM T is between the completion of the planning and the beginning of the 
hector i a the eyes open condition, there is the opportunity for visual checking, 
fon woah e subjects take advantage of it or not. But in the eyes closed con- 
ducii ; c ecking can take place in the crucial time, for the subject is engaged in 

g his eyes, raising his head and counting up to three. In other words the 


lar; e di 
ge difference between the errors for eyes open and eyes closed is not because one 


is A F 7 : : ` : : 
constrasting a situation with both visual and kinaesthetic control with one that 
Josed experiment was 


ie es kinaesthetic control. The significance of the eyes ¢ 
the Ae the simple lack of vision as the two facts: (a) there was a delay between 
delay Pe eton of planning what to do and the execution of the plan, (b) during this 
al was no opportunity for visual reinforcement of the plan. In a more 
delay fe experiment it would no doubt be illuminating to vary and control the 
ee en ne over a wide range. The object of the simple procedure adopted here 
Einer me that the delay was related in a fairly constant way to the subject’s 
hacen rate of activity. It was sufficient to show the large difference between the 
nditions. 
geet consequence of closing the eyes is then that the programme begins to 
oper as probably in a way determined by anatomical factors. The latter still 
BEST e in the eyes open condition, but their consequences are allowed for more 
ae It might indeed be thought that in both conditions sufficient practice could 
sim inate any of the ordinary anatomical difficulties that could be encountered in a 
ple task of this kind. The results of the experiment, however, are contrary to this 


expectation, 

e It has already been noted that opposite directions have approximately the same 
pice as would be expected from an anatomical standpoint. One might further 
Xpect that those directions which involved movements of the least mechanical 


ny would have the least error. The commonest type of complexity is the 
volvement of a large number of joints. One cannot reduce the number too much 
But, in order to minimize 


eg would be unable to follow straight line paths at all. c im 
in at start might be made by restricting movement at the more proximal joints 
aes er to have the simultaneous benefit of a reduction in the mass of the actual 
eas x2 part of the limb. It may also be the case that the more proximal joints are 
of Get cient, and therefore more suitable for immobilization, although the evidence 
alive dscheider (1899) on the thres t at shoulder, 

a and wrist might seem to poin 
pres ne might therefore expect that improved accuracy coul 

Sent experiment by partially immobilizing the shoulder-joint. 


holds for appreciation of movemen 


t in the opposite direction. 7 
d be achieved in the 


The most efficient 
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way to do this would probably be to press the upper arm against the body, for then 
the proprioceptive impulses from the skin of the arm and body would be assisting 
those from the joint receptors to give the information necessary for retaining the 
arm in position. In addition, gravity would be having an effect in maintaining 
the posture. If these suggestions are adopted and the elbow is flexed, allowing the 
lower arm to swing freely about the elbow joint in a horizontal plane (with 
the humerus only moving about its long axis), then a few corrective movements at 
finger and wrist will enable the hand to draw a straight line, and the latter will be 
in approximately the position 145°-325°. This is, in fact, the position of the line 
of least error, as determined by the experiment. 

In the experiments of Corrigan and Brogden (1948, 1949) the subjects are asked 
to track a moving target in different directions, as it describes a linear course of 
40 cm. at a rate of 3 cm. per sec. Error was measured by the number of contacts 
with the sides of the track which was o-4 cm. wide. Thus the nature, the length, 
the speed and the freedom of the movement, as well as the type of error scored, all 
differed from those of the present experiment. In fact the only similarity appears 
to be the anatomical nature of the movement. Nevertheless their easiest line at 
135°-315° is very close to that of the present experiment. Although an anatomical 
explanation can give some account of the position of the line of least error, it does 
not suggest that the relationship between error and direction will be anything more 


than roughly cyclic. The exact sinusodial curves of Corrigan and Brogden are still 
difficult to explain. 


A asi ane tae on existence of ie raise an additional point. The 
rese J error at once suggests that if the programme fı z other 
line should deteriorate it will tend to drift towards the h ofie ensis line. 
This may take place in the formation of the programme or at a later stage especially 
San a lack of visual checking. In either case, one can think of the change as 
see of complication, if one accepts the view that the line of least error is the 
ee à at is least complex anatomically. The lines nearest to the line of least erro” 
aoe hae: Farge Sag te to it and might therefore be thought to be most 
£ ect, while a line which is roughly equidistant—in an ical if 
Sa A y s —in an anatomica 

i Lata aa sense—from the two opposite directions of the line of least erro" 
a ahs e equally by both, and should show very little resultant effect. On® 
oe oe cae Hiei eee that the subject, where possible, keep? 
E X > and pivots his lower arm at the elbow joint hat the 
wo of this tendency for certain directions gives iio i hra pias: 
iot re sper predictions accord fairly closely with the experimental results: 
a ae Ay s ort lines, the directions are biassed towards a line in very mUC ki 
ad hd ped of =n error. On the whole the bias is large for directions 

se t c is small for directions at approxi oni For the 
long lines, the effect is not so great but shows the ati ts angles: For 

B ý . > rend. 
i Por 953), using the same experimental set-up as Corrigan and Brogd®” 
whieh he chadied, S a for a bias in any of the eight epal aced direction? 
experiment were tenes : ne a remembered that the greatest eee in the prese” 

3 when the eyes were closed E en 

condition followed the same r sed, although those of the eyes OF 

i pattern. In Bro ’s i j a 

EA ar gden’s ex ts: e 
the ir eyes open. In addition there was immediate eh, trace if not 


j$ 
de and also enough time to correct it. It? 


tistics, while still allowing error to take plac 


might have tended to damp out any tendency to bi 
J y ias. 
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h has been outlined above can also be 
length relationship. It seems likely, 
wn easily with the upper arm close 
may account for the discontinuity 


Eo simple anatomical approach whic 
can y to give some explanation of the error- 
to staking that the 32-cm. line cannot be dra 
in ie side, and the necessary change of posture 

error pattern at or just short of this length. 
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TACTUAL CHOICE REACTIONS: I 
BY 


J. ALFRED LEONARD 
From the Applied Psychology Research Unit, Cambridge 


" r of 

The purpose of the experiment was to observe the effect of varying the nunan H 

alternatives on choice reaction time in a task having an initial high degree of compa) italy 

The stimuli were presented as vibrations of Telay armatures to 1, 2, 4,0r8 gue pe sults 

and the response was to depress the armature by the finger so stimulated. T ne atio 
showed a difference between simple reaction time and two-choice times, but no systema 


A 73 $ ; as are 
differences among 2, 4 or 8 choice times. The implications for further research 4 
discussed. 


INTRODUCTION 


Although the role of “naturalness” in relation to reaction time work was discussed 

as early as 1877 by v. Kries and Auerbach, it is only during the last 1 5 years or A 
control relationships or compatibility has bee 

studied in any detail. In general, it had been found that the better the relationship, 

hole topic received a new impetus when a 
pts enabled one for the first time to say rathe 

when the number of alternatives are increase®: 


data obtained by Merkel in 1885 as well as b 
own showed a lawful relationship: in 


ret . . F A ag vn 
: in effect, the increase In reaction times was shov A 
to be proportional to the increase in information transmitted. These findings ha¥ 


been confirmed in a variety of settings since. It should be noted that the lawfť 


relationship had been demons measures derived from Informatio? 
Theory. On the one hand thi 


to build quantitative models 


experiments. On the w ý 
patibility-effects,” 7 


reaction times w 


y a whl 
; no effects on reading rates Y 
over a wide range, 


ker and Crossman take: 
that it should be Possi 
} _Fesponding. If the stimuli 
“encoded” manner it should be possi 


well as no measurable differences 


= 
Q 
= 

EEE eee ee 


on A 
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informati nen > 
nation transmitted. The purpose of this study was to investigate this 


_ Possibility. * 


2 
ee method and results it is necessary to make three points:— 
used in a rth measurable in the above paragraph is as important as when it was 
into acres een by Helmholtz some hundred odd years ago. It will be gone 
absence of a efully in the discussion ; for the moment it may suffice to point out that 
by itself E effect due to variations 1n experimental conditions need not 
(2) Com : ai he absence of effects on underlying mechanisms. 
(Eie and pa ibility is here used in the sense in which it has been proposed by Fitts 
The SS ge 1953; and for an extended discussion, Deininger and Fitts, 1955). 
concept ae points to make are that compatibility is an operationally defined 
subjects s 3 any given form of it is based on the norm of a given population of 
tiot distin na Sr for the present the role of innate properties and past experience are 
tents STERT ed: to put it quite simply, where there are two display-control arrange- 
Stentor as hav e been equally practiced by a sample of subjects, the one showing the 
that Hopulation: È performance is held to show the greater compatibility effect for 
based on sat i reclenons made with regard to compatibility are thus primarily 
except in so fa Coenen and only to a lesser degree to underlying mechanisms 
heorticall T as these apply to known physiological and anatomical limits. To the 
ack to y minded the results of compatibility studies will, however, inevitably lead 
questions relating to the underlying mechanisms, and lend support for studies 


u an across age groups. 
” a a — as manual responding is concerned it is not e 
sea arai wW g allows one the following combination of requisites: the ability to 
and/or Ši pa le range of input variations, high compatibility, and absence of visual 
Tespondin “il en factors. The most highly compatible displays for manual 
varying t F have in general been those in which number of alternatives are varied by 
such am number of lights used as stimuli, and these lights had to be arranged in 
Used, EIT as to provide a very direct picture of the positions of the keys to be 
set up, if t e lights are widely spaced, problems of visual search enter into the whole 
actual they are closely spaced there are discrimination factors to be considered. 
Odese E of the fingers seems to be the answer and it may be of interest 
had d 5 e the first arrangement tried out by the author and Crossman. The latter 
developed a method by which the interruptions of a very low current passed 


hr 
rough the hand of an operator could be made to operate a timing sevice. The 
al pin in circuit with the timer, and the response 


Was 7 2 si . . ` . 
as to withdraw from the pinprick, the length of time the pin remained in contact 
First attempts with this arrangement 


Ww 
ihe finger being clearly a reaction time. € h a 1 
introd promising, but it became quite clear that, delightfully simple as it was, it 
aa T ton many uncontrollable factors, such as the experimenter’s pressure and 
aoe in the moistness of the skin of the subject, and was perhaps not entirely 
Die e for use with other than very devoted subjects. To regularize the position the 

Sent arrangement of relays fed with A.C. was developed and though somewhat 


cr 
ude, has proved to be quite satisfactory. 


METHOD 


ntirely easy to produce 


Apparatus 

Thi i 

ti Cus consisted of ten Type 600 relay: 
five, and spaced in such a way that th 

aration Mowbray and Rhoades (1959) have shown that 

fference between two-choice and four-choice reaction 

bject had to respond to visual stimuli by pressing keys. 


s, mounted vertically in two 


s, with 150 ohms coil: y 
f a subject would rest with 


Set: 

e five fingers o 
* *. 
e oe this paper was in prep 
ti i | practice reduced the di 
O zero. In their task the su 
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tolerable comfort on the armatures of the relays. The relays for the thumbs a ee 
not used. The two sets of relays were mounted independently of each ot fe A B 
mecanno plate slightly above the level of the relay armatures so that the su ge a 
rest his hands on it. Stimulation was provided by supplying selectively 50-cy as P lay 
30 volts a.c. to the coils of the relays. The subject responded by —, t e al 
armature. A make-contact, specially adjusted, signalled the response. (T is Sponke 
adjustment was necessary since surges in the supply might cause a closing of the ire 
contacts themselves. These surges add some variability to the stimulus intensity ar he 
somewhat of a nuisance. It is hoped to overcome them in subsequent Cappa pa. 
experimenter selected the appropriate relay by means of one of ten switches, and ha con 
to initiate the stimulation by the depression of one single common switch. This opera wd 
also started a decatron timer, operating in one-hundredth of seconds, and the e 
response, whether right or wrong, terminated the cycle of events. Errors were indica a 
by the lighting of a single lamp on the experimenter’s control panel whenever a s rae 
relay was depressed. Note that this did not, of course, serve to establish the nature 9 a 
error. There was a certain amount of noise from the relays associated with the expe a 
menter’s side of the apparatus, but this could provide only a general and not a specific oe 
Subsequent experimentation under improved conditions has shown this to have been 4 


apparently unimportant weakness. The subsequently measured lag of the whole syste™ 
was of the order of 0-04 sec. 


PROCEDURE 


In this kind of experiment the role of finger differences is naturally rather noa 
important than in many others since the fingers have to do the sensing as well as th 


responding. For this reason two groups of subjects were used. The manner in which they 
responded is shown below :— 


TAN E 


Condition | Single 2-choice 4-choice 8-choice 
Group I R. index | R. index and middle R. all fingers R. and L. all finget 


Group II | R. index | R. index and L. index| R, index and ring | R. and L. all fingers 


L. index and ring 


e . . n iti 3 
a possible combinations of fingers for the conditio? 
Since this was not 


| calc g mean reaction times 1 
_ For each of the three multichoice conditions four separate lists of stimuli were generate’ 
without any constraints from a table of random numbe 


Subjects attended on fov" 


During the experiment 
screen between them t 


) S i j being able to see the experimenter * 
selection of stimuli. The experimenter could, however, see the subject’s boat Befor 
each stimulus presentation the experi } 


t 
s 1 xpetimenter called out “teady.” The fore-period can?” 
be said to have been strictly ved, bit amount of deliberate Tariability wee 
a eally a device such as tha scri z Klem” 
(1957) would be desirable to provi period NTE aa hy 


SCORING 


st 

l as the length of time during which a break conta® 

on a relay remained open. The experimeter initiated this relay Di it was held until “id 
bject’s response, whether right or wrong, It sh? 


= 
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Ye 


be not 
ed that since a 
nce the data for one and the same finger only were used to calculate means 
d, the means per subject 


for all conditions _ 

are eee and since completely random sequences were use 

0°05 sec. away pa tatal: made up of varying numbers of readings. Readings more than 
from the main cal n ioe bulk of the distributions obtained for each subject were excluded 
reasonable pa Me ations after inspection of the distributions had indicated this asa 
Tow of entries ane point. The effect of these exclusions may be seen in the last but one 
(mean W) each subject in Table I in which the means without exclusions are given 


RESULTS 


Tab - 3 
S sew an for the right index fingers of the eight subjects used in the 
the four eee las the absolute number of errors made by each of them in each of 
first entry i itions. Subjects A-D were in group I, subjects E-H in group Il. The 
indliatae aa each block is the mean reaction time, the number in brackets behind it 
he tect ph aa of readings from which this mean was calculated (mean (a)). 
mean Satins 2 elow 1S the median, followed by the range. The fourth entry is the 
bulk of the dist ame obtained by retaining readings more than 0-05 sec. away from the 
from which icc. the number in brackets showing again the number of readings 
total umber ot mean was calculated (mean (b)). The last entry in each block is the 
Table: Ir of errors made by each subject in that condition. 
combined f shows the mean reaction times for the two groups separately, and 
or the two groups, as well as the error percentages for both groups. 


Before ; è 
e discussing the results in these tables in detail it is worth mentioning that 
2 either the data for all 


in mo 
Sener, Te results presented since Hick’s paper in 1952 
of reac Gon en or at least the group means, showed progressive and lawful increases 
ar ane with information transmitted. 
shows isa of the mean reaction times (first en 
of the choi all subjects had lower reaction times for the single condition than for any 
Showed a ice conditions. It will also be seen that there was only one subject who 
Natives oe order increase of reaction time with an increase in number of alter- 
and ‘se w ‘sl Hj): In group I two subj ects show an increase between 2 and 4 choice, 
Subjects s} decrease. The same applies to the subjects in group II. In group I all 
Subjects — a decrease between 4 choice and 8 choice, and in group II three 
ad] ane owed an increase between these two conditions. In group I three subjects 
Subjects K: reaction times for the 8 choice than for the 2 choice, and in group II two 
effects. ne the same effect. The group means in Table II reflect these various 
- It is possible that the hig for the 4 choice condition in 


Sroup I BP her reaction times 
adj Sinine € indicative of some difficulties in discrimination when all and only the four 
g fingers were used. On the w ay that 


he overall pi hole, however, it seems reasonable to S 
imes oa picture is one in which there tween single reaction 
d choice times, but there are no systematic 


is a clear difference be 
or de, differences among the mean times 
Ta of choice. 

Skewa medians and ranges in Table I are presented to give some indication of the 
More Ta The second means (b) are presented to show the effect of excluding readings 

an 0-05 sec. away from the bulk of the distributions. 
did not seem to be any systematic error pattern and 
Observations of subjects suggested that in 
the mechanics of separate 
it of three instances the 
jects’ slowest 


try in each block on Table 1) 


Ateming errors there also 
Nany case error level was tolerably low. Jbse 
ger see : errors had been due to difficulties imposed by 
Argest ; vement, and it is at least suggestive that in two ov 

incidence of errors are accompanied by those particular sub 


e 5 
an times, 


the 


So Qu 


SHOWING MEAN REACTION TIMES, 


ARTERLY 


TABLE I 


MEDIANS, 


ERRORS FOR EACH SUBJECT (For details 
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RANGES, AND ABSOLUTE NUMBER OF k 


see text) 
Group I Single 2 choice 4 choice 8 choice 
g 0-173 (48) 0-208 (21) 0-241 (16) 0-211 (16) mean (a) 
A 0-160 0-200 0-240 0-205 median 
O-I 4-027 O*15-0-28 0°17-0-32 O:15-0°27 range 
- m = Y mean (b) 
o Z 7 3 errors 
S 184 (47) 0-201 (29 0:227 (1 "195 mean (4) 
B 0-180 0-200 (9) Bias ai reed (z3) median 
0:16-0:27 0:17-0:26 0:17-0:28 0:17-0:23 range 
0-190 (48) - - = mean (b) 
o 2 I 2 errors 
S “o-r48 (47) 0:235 (25) 0'216 (19) 0:207 (20) mean {4) <; 
Cc O50 A 0230 0-210 oon median 
O-IT-0,1 0:20-0:32 018-0:20 0T7~0:30 range 
ie G) 0:250 (26) 0-237 (20) mE mean (b) 
o 2 i 
2 7 errors 
S 0-183 (47) 0-262 (2 "247 (27 a 
P| Easo | eae, | ogg? | ozas eo) | mean W 
e ong 0:20-0:38 0:20-0:33 E range 
oI 7 (48) 7 = = mean (b) 
I o errors 
ee ty ae 
Group IT S| 
S 0-186 (45 . 7 
E es (45) oe (27) Be (22) 0231 (16) mean (a) 
015-026 ‘T70; = 0°235 me 
Gas (48) o a 34 0*17-0:26 021-030 range ») 
a3 S - mean ( 
° 2 o errors 
S 0-201 r ‘ 
F owen te a (18) 0:235 (25) 0206 (13) | mean @) 
9°15-0-30 0-18-0-27 3 ool 3 ease —— 
5 29033 0:17-0:26 range 
9 207 MS) 0:236 (19) e oa E (0) 
A 3 o o errors 
0'197 (46 z e 
G 0-200 g a 2a) aana eo) a230 (19) mean (a) 
0:16-0:24 ENT R È 0-220 median 
0207 (48) 0'255 (22) R Or18-8:30 reas 
5 } 5 0:237 (20) men 
o error: 
S O-18r ( 
47) 0'215 (22 . 
H sia. a (22) ee (14 0-234 (19) mean (a) 
0-14~0-28 oe z 10 0-230 media 
CEO (48) 0:254 (24) eee O"KS-0%29 xan (0) 
o s O-2T1 (15) 0-248 (20) mean 
5 8 errors 


TACTUAL CHOICE REACTIONS: I Sr 


TABLE II 


SHOWING MEAN REACTION TIMES IN SECONDS FOR THE TWO GROUPS SEPARATELY 
AND COMBINED, AS WELL AS ERROR PERCENTAGES FOR THE COMBINED GROUPS 


Mean of means (a) Group I =| 0172 0227 0:233 0*209 
Mean of means (a) Group II =| I91I 0225 0:226 0'225 
Mean of means (a) Groups I-II =| 0182 0:226 0:229 0'217 
Percent Errors, Groups I-I =| 00% 23% 2-8% 21% 


a ee a 


DIscUSssION 


The results of this experiment appear to be clear-cut. If one is prepared to accept 
the treatment accorded to the data, i.e. in particular, the extraction of the mean times 
for a single finger for all conditions, it has been shown that there was no systematic 
effect on choice-time when alternatives were varied among 2, 4, and 8 degrees of choice, 
but that there was a systematically shorter reaction time in the single reaction 
Situation, This has been achieved in a manual response task requiring relatively 
little practice, as practice requirements go in such tasks these days: the pretest 
experience of our subjects was no more than 888 responses per subject. One may 
say with some confidence that if it were possible to have a somewhat less awkward 
Mode of response the same effects might be achieved with even less practice. 

_ Now there arise two quite separate issues. The first, and at present perhaps most 
important, is that posed by the difference between single and multichoice. Bricker 
(1955) had already pointed out the rather intriguing fact that the application of 
information measures and theory to reaction time data might reopen the question of 
the meaning of single or simple reaction time since in those cases 1n which experi- 
_Menters had been able to fit equations of the form r.t. = a + b(logn) [where 7 is the 
number of alternatives], the value of the intercept @ was usually sufficiently close to 
the observed simple reaction time to make one consider this as more than a chance 
event. And one may well argue that the use of that formula might be held to have 
Tather far-reaching implications in the sense that it marks a return to Wundt’s concept 
-Of the act of choice being something tagged on to the simple reaction time. Hick’s 
(1952) formula does not have this implication, and is in that sense perhaps more in 
line with the traditional view of the Wuertzburgers. At the same time, the recently 
_ Published results by Klemmer (1957) show that simple reaction time itself varies with 
fore-period uncertainty in a linear fashion. Whatever view one likes to take, the time 
'S clearly ripe fora re-examination of the difference between simple and choice reaction 
Situations, and it is to be hoped that in that re-examination the contributions of the 


ast century will not be overlooked. ` a: i 
In that process one should start with a comparison of the distributions A the na 
Obtained for single and multichoice reaction time situations. One hypot m pe 
testing is to establish whether the observed differences can be said to be due ane 
Shifts in the distributions or whether they are due to changes 1m — ee a Le 
distributions. Yet another approach is along lines suggested by V ena e p a 
communication) in which one tests for the presence of periodicities in m ji ae 
data. Here the hypothesis to be tested would be to establish firstly pga a e ce 
cities can be found in both single and multichoice situations, and if so, pe e ES 
can be accounted for by the same or different models. Finally it may i w <4 
“ling the controversy about “muscular” versus “sensorial” set in simp e re: 
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BY | 
2 P ieve and ii 
time studies (Woodworth, 1938, pp. 306-8). When it was possible to n uA 
maintain such sets differentially the former gave faster reaction times ag fevel Of 
One might argue on that basis that multi-choice times can never reach rae, 
simple reaction times since a “sensorial” set is implicit in the multi-choice sl ve, 
while a “muscular” set is perhaps the more natural in the simple reaction situ mr 
The second issue raised concerns the relation between information tronis ai 
and choice time. It should be pointed out that the effect demonstrated in the pre a 
experiment, the absence of a measurable effect on reaction time due to varying an 
e of an infinitely large number of possible lin E 
mation transmitted. It must be recalled that 2 
periments, lawful relationships, expressible at 
d slope constants, have been found. The pre 
tradicting earlier findings, but rather to stimula 
ns which will account for all of them. It is honi 
to present one such model in a later paper. For the moment it is perhaps beat. 
he possibilities of the present findings are 
due to an artefact of Some sort of another. There are three possible sources of trou 4 
which may be mentioned briefly: (1) Zero effects can be obtained when for some ea 
or another the general level of Tesponding is slow; bad discriminability is one suc 


e 
man, 1955, page 192). On the whole one would i 
thought that this stricture need not apply here since 8 choice times of the order f 


quite fast. (2) Zero effects could also be observed } 
subjects had run up against some sort of res 


others. Again, this is Partially ruled out in th 
as those given in (2) above. But ideally, one 


experiments with large groups of subjects, eac} 


only. An alternative to this may be to providi 


giving of a click indicati 
I used this method (Leon 


ults obtained in this experiment to ple 
cause of this it may be more profita’ 


ice 
e difference between simple and cho 
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CHANGES IN BEHAVIOUR ASSOCIATED WITH A 
NERVOUS SYSTEM POISON (D.D.T.) 


BY 
MELEK KHAIRY 


From the Medical Research Council Group for the Experimental Investigation 
of Behaviour, Department of Psychology, University College, London 


The main purpose of the investigation was to show that behaviour measures can be 
used to investigate the effects of those toxic drugs which produce “biochemical lesions 
in the nervous system although the nature of the lesions still remains undetermined. The 
advantages of this approach are twofold. First, a psychological study may help tO 
uncover the initial effects of the drug, and thus provide evidence which may lead to the 
ultimate understanding of the action of the drug. Second, and of value from the practical 
point of view, such a method may be used to detect toxicity. 

In this study D.D.T. was used. Two experiments were performed on one control and 
four experimental groups of albino rats. Problem solving behaviour, speed and pattern o 
locomotion, and reaction to stress involving visual stimuli were observed. 

Problem solving behaviour was found to be unaffected by the drug; no changes were 
found in speed of locomotion, but pattern of locomotion revealed that Wataxia” was one 
of the initial effects of D.D.T. poisioning. The experimental animals were found to be 
generally less reactive to “stress”; “hyper-irritability” reported in previous studies being 
explicable in terms of exaggerated motor responses. a 


The results obtained on “‘ataxia’’ showed that the p á 
l1 ay s a rocedure a t re č 1 be 
used to detect chronic D.D.T. toxicity in rats. aR Aaa hes Se 
INTRODUCTION 


The study of changes in behaviour following “biochemical lesions” (Peters 1948) 
aed ig pom Nervous System (C.N.S.) is a technique developed compara- 
ja eae a = been used ie study the relation existing between physiologic@ 
a te te ed = pe Russell, 1954; Watson, 1955; Knopfelmacher et al., 
A 3 an ee: It is independent of the structural arrangement © 
a fale be raii, thus it overcomes the difficulties introduced by 
aa. re i amo The biochemical changes can in general be mai” 
out, and in this way i sat sot time to allow experiments on behaviour to be carrie 

; us way it avoids the difficulties introduced by “post-operative” recovery” 


Biochemi esions involve i 5 

of toxic ee ol ome es with metabolic events. Administratio” 
2 ugs effective and easy method i : : 5. 

However, if the function in beh 1 for producing these desired changè 


p R. aviour of a certain structure j is er 

investigati is i ucture in the C.N.S. is un 

of the ee ieee : ed — ‘ruitu y wlien the = ee 
al le s produced is know mea ay ; 3 

unless the action p ed is known to the experimenter. That is to say 


of the drug is known i 
. g p Š e 
producing biochemical testers, ìt cannot be adequately used as an agent £ 


It is possible to show relati In this way a restriction is imposed on the techniqu® 
and behaviour by interferi : tonb between certain neuro-physiological process 
therefore, be able to s gia Sr metabolism of nervous tissues. We shat 
ap EA i +0 Suggest the possible mode of action of ae iso” 

study of associated behaviour changes eee i 
way of dealing with toxic q a 
system when the nature o 


A ous system P A 
This method of approach provides © 
e biochemical lesions in the nervo"? 
observation of behaviour de remains undetermined. System# 
al could be used to infer or deduce t 


nature of the disturbances created j 
; Int i j 
lesions (due to the action of the toxic a ervous system by unknown biochem? 


BEHAVIOUR CHANGES CAUSED BY D.D.T o5 
files 5 


Thus tw i 
wo aS 5 i 
important results can be derived from studying behaviour changes 


followi aa i 
ng drug administration : (a) psychological methods may help to uncover the 


initial effects 
a iae jin the drug, and (b) such methods may be used to detect toxicity- 
DDT pr a — ilichlorodiphenyltrichloroethane, more commonly known 
ae ae TR berit although the symptoms of poisoning showed that the 
Bing a, vas involved (Cameron and Burgess, 1945; Philips and Gilman, 1946; 
ee Ek mata, 1946), the exact biochemical action of the drug as well as the 
praia’ = produced still remain unknown. Rats were used as subjects, the 
eee : cing performed ona control group to which no D.D.T. had been given, 
experimental groups to which various doses of the drug were administered. 


Thes 5 : 
study covered systematically several aspects of behaviour. Physiological research 


on th y = A f 

haar ar of D.D.T. revealed no evidence of involvement of the cerebral cortex, 

OI = the possibility of D.D.T. affecting normal cerebral functioning Was 
gated. The effect of the drug on more simple forms of behaviour, namely the 


speed a : 
and pattern of locomotion, was also considered (the latter aspect of behaviour 


a 

a, he relevant in the course of experimentation). Finally, it has been 

Animale ok ‘ameron and Burgess, 1945) that m the early stages DON: toxicity, 

OEE ia S ner i from poisoning by the drug were m a state of “hyper-irritability” or 

ereate E Brea sensitivity to stimuli. The possibility that D.D.T. might produce 
r sensitivity generally to external stimulation was therefore studied. 


sTAL DESIGN AND PROCEDURE 


The first was designed to study the effect of 


of locomotion. The second 
n 


jon to “stress 


T ENXPERIME 
DDI experiments have been conducted. 
expedient problem. solving behaviour, speed and pattern 
(Russell! no i as designed to investigate the effect of the drug on the react 
Per pen wt, used to study the e 
thy Phase c test (Hebb and Williams, 
Sas sta I a thie groups went through preliminary training. 
3 and en in Phase 2. Finally speed and pattern of locomotion w 
The respectively. 

ie a open field (Hall, 1934) test was 
positi n terms of a conflict situation of the “approach- 

sitive stimulus used was food presented to the hungry rats. 


the ae A s 3 
negative stimulus which the rats tried to avoid. 


ffcts of D.D.T. on problem solving behaviour was the 


1946) as modified by Rabinovitch and Rosvold (195 1). 
ini Problem solving behaviour 


ere observed in Phases 


used to study reaction to stress. Stress iS defined 
avoidance” type (Miller, 1944): The 
A very pright light was 


Method of administration of the drug 
E drug was administered orally by mixing it with the diet (MLR.C. 41) Bruce and 
Grou s Pas) on which the animals were fed. Arachi 
oil pe (the control group) was ed on diet 41 1 il 
conta 75 grm. of food. The di the experimental groups Ep Es, Es and E4 
ku ined D.D.T. dissolved in the same proportion of Arachis oil as the proportion used in 
per ap C diet. The doses of D.V- Fe the following: 100, 200. 400 and 600 parts 
at PaA (p-p-m.) of D.D-T. respectively- f acute D.D.T. poisoning appear 
he 800 p.p.m. level. i 
of Kaa subjects were fed 1 hour every 24 hours with their respective diet. Th N 
he same group were kept in a cage, and food was introduced jn the cage and then with- 
lable to the subjects 


drawn ¢ A 3 
drawn at the end of the hour. Anad y of water was aval’ 


Symptoms © 
hree animals 


jinacage had complete 


m i = > 

ening cages. During experimentation, a 

dene S for the day, the group was ed. The food intake for each group was 

TEN ay the animals were weighed five times & week after all the feeding had been 
eted. 


Py P 
oblen solving behaviour, speed and pattern locomotion 
of the Toxicology Unit of the 
for experi- 


ME, ares albino rats wer! ‘ 
mentati Litter mates were assigned at randor of the five groups used 
REEE No rats pelonging to the same lit x ded in the same group. 

s were 122-126 days old when the groups were formed. 
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; i rner 
ratus consisted of “the field”; a square box with a starting box at one corne 
oh te at the opposite corner of the same diagonal. A number of —— 
barriers were used to make up the problems. The barriers were arranged a a fad 
patterns so as to block in various ways the path between the starting box -_ eat 
box leaving one free passage, and introducing blind alleys or “error zones. T maii 
doors prevented the animals from returning to the starting box once they ha > -o =f 
the ‘‘field,’’ and from leaving the food box once they had reached the latter, fap at ne 
problem situation standardized by Rabinovitch and Rosvold were used. The anay 
consisted of six practice problems, which were used in rotation during the prelimi; ae 
training. The second set consisted of twelve problems which were used during Phase ie 

Twenty-one days after the groups had been on their respective diets, Phase 1 abe 
begun. Three animals of the same group were released together from the starting : a 
and were allowed to explore the field or feed for 1 5 min., after which they were Lestat 
from the apparatus. The food given to the animals in the apparatus was the same as sp in 
experimental diet. After five days of group training, the procedure was changed Ba 
individual training. Now each subject in turn was given nine trials a day, and a 
allowed 15 sec. in the food box after each trial. When all the animals had completed ai 
trials in 60 sec. or less on two consecutive days the preliminary training was conclude ž 

In Phase 2 the animals were exposed on successive days to one of twelve prone 
constituting the second set. Each rat was given seven trials on every problem. ae 
representing the number of times an animal entered the error zones, and the time i 
seconds taken for each trial were recorded. ; í 

The speed of locomotion was investigated on the day following the completion © 
Phase 2. The barriers were arranged to form a straightaway for Phase 3 and 4. Data on 
the speed of running of the animals was obtained by recording the time taken on each 
of the seven trials over three consecutive days. 

The procedure adopted for observing the speed of locomotion was repeated in Phase 4 
but the animals were given five trials instead of seven. In the first three trials the animals 
were made to run the straightaway only the time being recorded. In the fourth and fifth 
trials the hind paws of the animals were smeared with vaseline and they then ran the 
straightaway over a fixed strip of filter paper. Pulverized charcoal was sprinkled over each 


record, and the foot-prints thus obtained were made permanent by spraying charcoal fix- 
ative over the record. Scoring was e print of the right paw 


hich a right-angle triangle 
allel to the length and width 
et, that parallel to the width being taken as m 
i measured in millimetres an¢ 


t “gait angle’’—was calculated: 
he footprints obtained from one of the subjects, and the 


the record, 


Figure 1 shows a specimen of t} 
right-angled triangles construct 


Reaction to stress 


Thirty male albino rats from the same colony as those used in Experiment 1 served 
as subjects. The grouping techniques and the age at which the groups were formed wer 
the same as in the previous experiment. 

_ The apparatus consisted of a floor area zoned off by 
diameter and 18 in, in height, ivi 


concentric circles in order to allow observation of the subjects movement. A very bright 
light, 200-watt bulb, wz i k 


a ely below the suspended light, 
and the food presented to the animals wa ; fie diet on wich they were 
Twenty-one days after the groups had been put on their i iet: field 

S a various diets the open p 
test was started. The Subjects were given one trial a day, the length of the i being 
2 min. The test was carried out for twelve Consecutive days, and during each tria 
observations were made of sev i esponses. ` ‘ 


RESULTS p 
In both experiments the measures taken wer 


drive among the various groups. Consequentl 
checked daily in case D.D.T. when add 


e dependent on the levels of hunge! 
y the food intake for each group W R 
ed to the diet caused “food shyness” ° 


FIGURE 1 


L 


ern of locomotion 


Record for studving the patt: 
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ae in the subjects. In neither experiment was there a significant trend 
‘ wards a reduction in food intake during experimentation. These results are in 
greement with previous findings (Fitzhugh and Nelson, 1947; Lang et al., 1950). 


Effects on problem solving. 
& The number of errors made by the animals on each problem and the total number 
errors made over the twelve provided measures of the subjects’ behaviour on the 


serial problem solving task. 
Table I gives the medians of the total error scores and the range of each group. 


TABLE I 
SERIAL PROBLEM Sotvinc—TotTaL ERROR SCORES 


No. of 
Group* Subjects Median Range 
Cc 3 186 93-22 
E; 3 183 g2-I91 
Eo 3 125 98-146 
om 3 134 100-209 
E; 3 182 40-201 


*None of the differences between the groups is 


significant. 
spe the Fisher-Yates test of significance, comparisons of the groups for scores 
ained on each problem, as well as the total number of errors made on the twelve 


Problems revealed no significant differences. 


Effects on speed and pattern of locomotion 
ats Analysis of the data obtained on the straightaw: 
€ct on the speed of running of the animals. 4 
Two records were obtained in studying the pattern of locomotion for each animal 
the method for calculating the tangents of the gait angles was described above when 
The score for each 


pe procedure for studying the pattern of locomotion was given). - i 
Samal was taken to be the mean tangents of the gait angles obtained from the two 
€cords. Table II gives the mean, median, and range for each group. 


TABLE II 


PATTERN OF LocomoTion—MEAN TANGENT OF GAT 


ay showed that D.D.T. had no 


T ANGLES 


rouD*® 
c B ome Es Bs 
Mean... 0-746 0:407 0722 0821 0'895 
MEDIAN .. 0-689 0401 0:712 0:782 9:875 
Rance ..| 0484-17065 | 0301-0519 o:580-0-810 | 0°636-1°045 o:521-1:289 


ean tangent scores obtained for the experimental 


level of confidence. 


aus The trend for increasing mM! 
Oups is significant at the 0-007 
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The examination of the value of the mean tangents obtained for the various 
groups showed that these scores increased as the concentration of D.D.T. administered 
was increased. The trend for Groups E,, E,, E, and E, was found significant 
($ = 0-007) when applying a test for trend (Jonchheere, 1954). The trend when 
including group C is also significant ($ = 0-05). 


Effect on reaction to stress 
Seven types of response were record 
to stress: amount of locomotion, freque 
and squeaking, and the number of tri 
Table III presents the median SCO; 
reaction to stress among the various 


ed to study the effect of D.D.T. on reaction 
ncy of rearing, preening, urination, defecation, 
als during which the subject fed. 


res and their ranges for the various measures of 
groups. 


TABLE III 
REACTION to STRESS—MEDIAN SCORES 


Group 
C E, E, Es Ey 
No. or SuBJECTS 6 6 6 6 6 
AMBULATION: 
Median . 20 54°3 43:5 53:5 66-0 
ange + | 25°5-8555 40-9, 11+5~8r- 8-7 5'5 
REARING: i s ä anaye ails 
Median sd 63°5 53°0 720 ee e 
Range -| 36-116 8-8 -2 SEE ken ¥ 
PREENING 4 27g AENG aii Rara 
Median 215 16:5 105 
Range 10-50 = 2 4:5 75 
Urination}: > a ii 2=34 Smag 
Median I5 
5 oo oo oo ve 
Range i o-4 Der oi tsi o5 
DEFECATION: oe 
Median I 
ve 5 oo ro oo 5 
Range SA 0-5 ox 0-4 oi 5 
SQUEAKING: os 
Median $e o5 ro Ho o5 z 
53 o-7 0-4 0-2 oe 
Median ts 8-0 8-5 
iS T 8-5 ms 
Range he 0-9 7-10 eee o ee 
1 The difference between G a A i 
significant at the o-oo i oS an the combined experimental groups is 
Since the differences þ 
, etween Groups E,, E, F i 
nificant on the various measures fhe ro Ey, E, and E, were found to be not sig- 


Comparisons between Group C and the comp; ined for analysis purposes: 
significant differences except on the urina: 


measure was found to be significant ( i 

5 t = 0-0 

predicted on the basis of “hyper-itritability he no 
be impossible if there was not some Supporting evidence 


Pretation of this result would 
on the rearing and preening scores. On these three mea 


on the defecation scores, and 
Sures although the differences 


> 


i 


Sa 
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among the groups are not significant, the experimental groups scored consistently 
less than Group C. High rates of defecation and urination on the open field test were 
claimed to be indicative of “emotionality” in rats (Hall, 1934). On the other hand, 
rearing and preening referred to as “displacement activities” were said to be charac- 
teristic responses to conflict situations. D.D.T. seemed to produce a reduction in the 
occurrence of these four types of responses in a stress situation. 


DISCUSSION 


The results showed four basic points :— 

(t) Problem solving was unaffected by the drug. 

(2) The speed of locomotion was unaffected by D.D.T. 

(3) Significant alternation in the pattern of locomotion had taken place. 

(4) Finally, compared to the control group, the experimental groups showed less 
reaction to stress, although this was significant for only one type of response. 

roblem solving behaviour with D.D.T. administra- 


Jusions drawn from physiological studies by other 
drug had no effect on the 


That no change was found in pi 
tion was compatible with the conc 
research workers. There was general agreement that the 
cerebral cortex. 

It was claimed by Carey et al. (1946), that degene 
atrophy of certain muscle fibres did take place with high doses of D.D.T. administra- 
tion. These findings were not reflected in the results obtained on the speed of loco- 
motion, No significant differences in speed of running were obtained among the 


groups. 


ration of motor end plates and 


The results showed that one of the initial effects of D.D.T. was to produce “ataxia.” 
“Ataxia” has been associated with two different kinds of physiological disturbances, 
ularly of sensory 


(a) lesions in the cerebellum, and (b) peripheral degenerations partic 
ance in the condition known as Tabes dorsalis. Therefore these 


o of the many hypotheses associated with the action of D D:I 
that the centre of action of D.D.T. is the cerebellum. This 
d because of striking similarities existing between symptoms 
mptoms following acute D.D.T. poisoning. Some 
evidence from E.E.G. recordings following D.D.T. administration substantiate this 
hypothesis. Significant changes in rhythm were observed from leads inserted in the 
cerebellum (Crescitelli and Gilman, 1946). However, these observations were made 
With curarized animals which makes a com terpretation of these results rather 
difficult. Hypothesis (b) maintains that the nervous symptoms following DP 
Poisoning are primarily due to peripheral degeneration. Here on the one han A or 
degeneration was believed to be the essential feature in the action of D.D.T. ( = 
and Munson, 1945; Carey et al., 1946), and on the other D.D.T. was believed to ac 


directly on the peripheral sensory organs as Roeder and Weiant oe dt 
Occurred in insects. Thus, although ataxia was found to be one of the initial effects 
be examined. 


D.D.7., the nature of this effect has still to f 
From the study on the pattern of locomotion of rats suffering 


toxicity a point of further interest arose. 


nerves as for inst 
results supported tw 
Hypothesis (a) maintains 
assumption was put forwar 
due to cerebellar lesion and sy! 


plete in 


from D.D.T. chronic 
It was noted that Group E; had very narrow 
tangents of gait angles. The mean or median for the group was much below the sae 
or median of Group C. This together with the examination of the records suggested 
a twofold action of D.D.T. on the pattern of locomotion. First the drug at 100 PPa 
evel produced an exaggeration in the stretch reflex of the animal. Second, S 1 : ee 
200 p.p.m. dose and over there was a broadening of the gait and a shortening of the 
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d ra 5) with 
A : x z Bi McNama: (19 - 6) WI 
steps. Exaggeration in stretch was reported by Bing an Ic] 94! : 
aah te aor a comparatively low dose of D.D.T. was administered. Roy (1954) 


adopted here. 


Finally, the animals with chronic D.D.T. toxicity 
Stress, and this appears to be in 


suffering from D.D.T. poisoning have been described 
to stimuli. 


I am indebted to Professor R. W. Russell and Dr. R. H, J. Watson, for their advice- 
I am also grateful to Mrs, M. 


ary Kemp for her collaboration in working out the technique 


for recording the pattern of locomotion. I also wish to thank Mr. J. W. Whitfeld for his 
many valuable suggestions. 
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ation: positive and negative. -these 
to process information presented in t or 
words which would make affirmative ns 
estatements agree or conflict with given situations. The four conditio! 5 
were presente: 1 occurred once in every bloe s 
of four trials. The mean response times were: true affirmatives 8-99 sec., false affirmatives 
II-09 sec., true negatives 12-58 sec., false negatives 15°17 sec. This order was the same oy 
each of the six presentations of the conditions, the differences being Significant at the 0°00! 
level in each case. There was a Pronounced decline in errors (without knowledge ofr esults? 
for three of the conditions, These results are discussed in relation to (i) the assumption 
of a positive set, established through a long learning Process; (ii) the inferential nature ° 
negative information in relation to experience; and (iii) the possible emotional effects © 
negative terms. 


INTRODUCTION 


fact can be affirmative or negative 
- An affirmative stat 


A statement of 


‘ ic) it 
and (in two-valued logic) 
can be true or false 


s known to be false, and pe 
own to be true, provide the ar 
ple, if I establish that th 
I know that the statement, 
to know that an affirmative 

ative one is false. llec- 
ataa ng S of Statement, which will be referred to co 
negatives, and (4) 


2) false affirmatives, (3) bee 
= ines pe o 
which can be derive: ly two kinds of “informati 


statement, “There is 


hen 
ue together, Itis positive W ne 
S and negative when it allows E 
Table I exemplifies the relatio! 
om 
The psychological oe 
handled, and whether 2 
them is of any assistance. T 
he problem. In the first place, 4 
atement can be T const +2 ae te OF 
7 K iv i ted so that it is trv 
false. For example, Siven the situation Xx and j onstruc 1 p 
A ‘ * and ins £ re sta 
ment is to be false in relation to it, the st structions that an affirmative 


zadej yer 
atement, “There is y” can be selected, rat! 
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than the alternative “There is x.” Secondly, a situation can be selected so that an 
affirmative or negative statement is true or false. This is simply the converse of 


selecting the statement. Finally, an affirmative or ni 


egative statement can be verified 


as true or false, e.g. given the situation x and the statement, “there is not y,” the 
word “true” can be selected, rather than “false.” 


TABLE I 
RELATIONS BETWEEN SITUATION, STATEMENT, TRUTH VALUE AND INFORMATION 
— mm 
Condition Situation Statement Truth value Information 
1, TRUE AFFIRMATIVE x “There is x” TRUE POSITIVE 
(“x is true”’) 
2. FALSE AFFIRMATIVE x “There is y” FALSE NEGATIVE 
“y is false’’) 
3. TRUE NEGATIVE x “There is not v” TRUE NEGATIVE 
(“not y is true’’) 
4. FALSE NEGATIVE x “There is not x” FALSE POSITIVE 
(“not x is false”) 


Note.—For convenience the situation is here held const 


ant and the value in the statement 


varied. 
TABLE Il 
SERIAL ORDERS OF CONDITIONS 

First Second Third Fourth Fifth Sixth 
presentation presentation presentation | presentation presentation presentation 

of each of each of each of each of each of each 

ya ee Ae 

Subjects | condition condition condition condition condition condition 
(1 £2 g 42 © 4 Bs 4 s 3/2 r g pl 2 + 3/2 4 2 8 
2 2 I 2 gla w g 4l2 E 4 Be a 2 S 
R TA E 3 5 i : I 5 a zit 3 2 als 2 4 2/5 2 eS 
G) on F Tee eee a eT a ami ta Be 2 
le = tt Re pza age Pe OP e Se 
ee an a 8 ae 8 2 ae eB oe eG 23 1 4 

= G 2 2 
(7 spy glr gSa 12 3 alrt 3 4 H3 I = 4|3 pa : 4 
: 2 2 ar 4 a naa e gjss 3 
H je s aajt t agis H a 2 eels 6. Aa a ee 
2 2 
(19) ; 3 a : $ > : I 3 : gegen 42 a t 24 2 $ 
EFE Fee TE ER o tea 
(rz) j4 2 3 1/2 4 t 3/2 Eta ah a 2 Ne azak 
(1 He d a aly Z © ula TASo ee 

3) >a 3 2 3 2 4 112 3 7 4\2 3 4 
(14 43h us 22 agata E e ar ala t 2 4 
Gs} Ig a 4 I2 2 1 42 t 3 4 23 4 2 : Bo 
ey la a iae aa 2 9425 £2 3 i 4 3 ali 3 4 2 
a) |i 4 2 3/4 1 3 2/4 3 7 ? ee eae tle Bee 
(8) Je 4 £ B\4 2 3 tja? He S 2 1 4 2 
(19) ee a i aia Saia tary gans 
eS la 5 r als 4 = ale 2 4 Hea Ss $ : z ain 2 4 a 
(21) t 2. oS 4 r 2 3\4+ 2 T 3\4 a 3 A 4i 3|2 r4 3 
(22) 24 3 t)4 2 2 3/4 12 3/4 2 3 3 a4 ils 2 4? 
(23) Fe tele geiena I g aiga tapene 


? m sy 
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EXPERIMENT 

Aim 

To determine whether there are an 
identify the following conditions: (z) 
statements, (3) true negative statemi 


; ; cen to 
y significant differences in the time tar 
true affirmative statements, (2) false armi 
ents, and (4) false negative statements. 


Design 


six times 
; i wér í ts) six tim 
i iti vith alternative answers in the statemen “ferent 
tation of each condition (with a y t ae a Afer 
in e oS serial order. There are thus 24 trials (each trial using a 
A = 


i a ediction 
ituation), the order of the four conditions being arranged so that no accurate pr 
can be made about what condition will a: 


pear at any one trial. Each subject oe 
to one of 24 different permutations of the serial order (Table II, the numbers 1, 2, ’ 
Sa ie a me condition occurs once in every block of four trials, pr 
comparisons to be made between successive Presentations, and that, for the piv RES 
taken as a whole, each condition occurs six times on every trial. The seria 
allows the transfer effect of any 


5 g 
ition (and pairs of immediately 
preceding conditions) on any other condition to be determined. 


Subjects 


` , their 
Twenty-four psychology undergraduates of whom 15 were men and 9 women, 
ages ranged from 16 to 25. 


Materials 


a 
ations were constructed, each of which consisted as 
into four numbered quadrants. Each quadrant ee 
contained a single different coloured star in its far corner, The number in the quadie 
i » Ted, yellow and black, were va ee 
ith another. The arrangem 
quadrant six times, df 

+- Above one series the following 
ed (i.e. instruction for “truth”): 


agrees with the situation.” eae OG 
ties of situations the following was typed (i.e. instructions 
“falsity’”’) : 


“Adjust the Statement so ts with the situation.” 


‘te tO 
(3) Twenty-four s 0-choice kind, each of which was appropriate | 


` a : nts 
two quadrants in eve constructed. Two such Series of these stateme! 
were reproduced, Tmatives) was of the following form: 


that it conflic 
tatements of a tw 
ry situation, were 
One series (i.e. affi 


Yellow 


Red 
“There is both 


” 


in 4 AND in 3 
Green Black 

The other Series (i.e, negatives) was of the following form: 
Yellow Red 


“There is Nor both in 4 AND 


Ai Green 


h he 
S always agreed With the situation and t 


them appeared as oft 
colour names appeared 


o 
T positions and the pora 
ystematically, These two Series of 24 statements Y 
duplicated so that any one could be attached directly underneath a situation. 
Thus the two kinds of instruction (for truth 
(affirmative or negati 


ent 
or falsity) and the two kinds of statem 

e ve) can be combined to produ 

investigation. (Fig. r.) 


a aa 
ce the four conditions ut 


T. eee 
p~ a T a - 
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FIGURE 1 


EXAMPLE OF MATERIAL 


INSTRUCTIONS 


agrees 
conflicts 


SITUATION 


Adjust the statement so that it { } with the situation. 


[i a ee 


STATEMENT 


“There is (NOT) both ”€!OW in 4 AND red in 3” 
green black 


Method 
An order of presentation for the 24 situ: 


as possible, any serial or position effects. 
lar trial, from one to 24, every subject is 


ations was worked out which minimized, as far 
This order was held constant for all subjects. 
Hence, at any particu seeing the same situation 
but is not necessarily operating with it in the same way. The way in which he is instructed 
to operate with it depends on the condition which holds for him at that particular trial. 
The dependent variables were the time taken to select the alternatives in the statements 


and the errors made. i a 
It will be noticed that logically there isa differential probability for obtaining the correct 
Solution when the information is positive and when it 1s negative. » For the true affirmative 
and the false negative conditions, i.e. for positive information, there is only one correct 
Solution, hence its probability is 0-25. But for the false affirmative and true negative 
Conditions, i.e. for negative information, there are three correct solutions, npe their 
Probability is 0°75. Tl his differential probability is a necessary consequence E using a 
conjunctive statement. Since it is sufficient to negata such Toe e 
of its com it i saty to make the form of the ‘hie "= a 
i ponents false, it is neeesa i the instructions for the false 
equivalent logically to that which might be inferred from the 1 ctions 
Affirmative adition; in other words, to express it in the form, ' there is not both... and 
<,” rather than in the form, ‘there 15 neither... DOT . -+ + 


a ible) and assi d to one of the 24 per- 
Subjects w lected at random (as far as possible) an assigned to one 24 | 
mutations aa ae aa order. They were taken individually, the appropriate con 

‘aving been previously arranged by the Experimenter. The following typed instruc 


me 
Vere then presented to them :— 


Gene 3 e 
val yuctii ich ar 
ca as well you can fit descriptions to the things which 


d This is an experiment to see how v 
“scribed. 
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Three kinds of information will be presented to you at each trial: 


ivi i “ vith 
(a) A “situation” consisting of a square divided into four numbered quadrants wi 
a single coloured star in each. 


i i i ; ” 5 o 
(b) Instructions which will appear above the situation and which will tell you io 
do. These instructions must be read carefully at each trial as they will not always be 
same. 


emis å A 
(c) A possible description of the situation in the form of a statement which has to D 
adjusted in accordance with the instructions. 


P A you 

At each trial you must read the instructions and the whole statement in front of Sate 
and then make a selection from the alternatives given in that statement (indicating yO 

choice by encircling) in accordance with the instructions, 


For instance, the statement 
might have the following form: 
Mauve Brown | 
“> i a» BOER in 2 AND in 3.” 
Red Blue 
(The colour words refer to the stars, one in each quadrant, and the numbers to the specific 
quadrants.) 


Your task is to put a circle round any colour word you think is correct but you mus 
never put one round both alternatives named in the s 


ame quadrant. In other words, yOu 
must never encircle both Mauve and Red and/or bot 


i ice lies 
h Brown and Blue. Your choice lie 
between Mauve and Red and between Brown and Blue. 
To summarize: there 


are three things which you hav 
(a) The situation. 
(b) The instructions above it, 
(c) The statement which belongs to the situation, 
And your task is to mark 
situation. 
You must be careful not to make mistakes but y 
compatible with accuracy. If you do make mistakes, 
trials which you have to perform. (This “threat” w; 


ance of accuracy.) 
Have you any questions? 


e to examine each time: 


the statement in accordance with the instructions above the 


++ as is 
ou must also work as fast as o 
you will increase the number © 
as, of course, not carried out, but Wa 


an over it again to ensure that bee 
at they would be asked to a 
n be placed in front of them O 

”’ they were to open their eyes 2” P 
r They were told that they could ask question’ 
mswer) in between trials. 

ith their attached statements, wi ter 
Tvening in between trials. On saying “Geo experimen’ 
a stop-watch, stopping it when the bien S oat Ul | : 


nt. 
% nd component in the stateme! 
texto d by the Experimenter and replaced by the material for a 
5 jal esults was given sar subjects did not know how many onii 
t . g” ts were ask r inb ect! 
They were then shown exam les of th 5 ea nd seed for their OS Q. 
ar acds E Pes of the four conditions and asked to order them get ed 
whether they noticed a ty. They were also vas 


h -h we 
not understood and co tai ai lons (a question which -ere 
asked to demonstrate P a dyithou answer). Finally, they “ 


on was presented. 
? RESULTS 
I. Differences between conditions 


Figure 2 shows the cur 


sons 
ves of the mean i dition 
k E x Ti 1 
on their six presentations, i.e “ponse times to the four con . 


: - from each of “an 7 ; at 
Figure 3 shows the curves of the mean e aie La k als T A m to 24)" 
and Table III shows the corresponding Taies i every trial (from 

n= 6), 
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FIGURE 2 
l i 
i ——— False negative 
2B ; 
22 N False affirmative 
| 2b N, ——-— True negative 
j 20 3 True affirmative 
~ 19 
. 18 
17 
16 
, |S 
| 4 
ro} 
3 13) 
q 2 
l gM 
J E 10} 
9 
8 
7 
6 
5 
4| 
3 
2 
È I 
a Ist 2nd 3r 4th Sth 6th 
Successive presentations 
Mean response times for the conditions at each successive presentation (N = 24). 
FIGURE 3 
40r : 
3s \ ——-— False negative 
\ — false affirmative 
30 ` = = — True negative 
‘ 
5 — True affirmative 
2 asl 
o 
i g 
E 
M: z 
$ E 
E 


s} 


R Ou 12 13 14 15 16 17 18 19 2021 22 23 24 


Poses r B 
Trials 


! Mean response times for the conditions at every trial (N= 6). 


X ‘TA S LOGY 
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TABLE III an 

5 C ON EVERY TRIA 

ZAN NSE TIMES (IN SECS.) FOR EACH CONDITION ON 
Meran RESPON ( Wee 
i iz tive 
Trials True affirmative False affirmative True negative False nega 
24:67 37°87 
5°92 19-62 24°67 j 

2 14°96 13°67 13°71 co 
9233 14°04 16:29 ie 

‘| T1+42 16-92 12-12 ay 2 
4 11°33 12-00 II-96 ee 

8 9:08 9-08 17°87 15°9 
fd 8-04 13°83 13°21 ph 
8 8-83 10°75 15°04 I 25 

9 9'12 10-54 10:79 aa 
TI 7°54 9°04 12-21 cee 

12 775 9:79 1550 ra 2 
13 9°46 9:50 10-21 12" 7 
14 8-00 10°37 14°50 16:12 
15 8-04 9'71 10-71 12°42 
16 754 I1-21 10:83 11°29 
7 7°67 8-83 10-25 16:87 
1 are 9°25 O12 1292 
19 8-46 9°37 9°71 9°33 
20. 7°67 9'12 10°37 11°83 
2I TAT 7:62 8-87 11°37 
te 6:83 10-21 11°50 9.00 
2 775 10:54 8-17 15°25 
24 737 8-46 O17 10-92 

ee Pee 
Sa aa 
Mean .. 8-99 IT-09 12-58 15°17 


The individual response times were transf 
Analyses of Variance y 


the series, i.e, i 
conditions. } 


ormed into log. times and one wey 
f the last five blocks of four arte 
fifth and sixth presentations of ve 
first block of four trials because se 
as practice. The differences betwee 
tion are, in any case, highly significant, but it W35 


Š à A e 7 s in 
y are due primarily to initial comprehension of the words 


tatements. 


erster te Jess 
chance probability is n - 
coding,” i.e. for renderiMt 


i: Ages 
c pond and the other at random). Butit Ga 
jects were able to interpret the conditions in this way, for 


1. 
d Xceed that of any other condition. 1e Mise 
egative Tesponse time is longer than that of the 
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affirmative (and true affirmative) in 18 of the 24 trials. The false negative response 
time is also longer than that of any other condition on 18 of the 24 trials. 

It should be noted that the form of statement (affirmative or negative) appears to 
exert a more determinate influence on response than its prescribed truth value 
(agreeing or conflicting with the situation). 


TABLE IV 
ANALYSIS OF VARIANCE, BETWEEN CONDITIONS 


Second Presentation of Conditions: 


Effects Sum of Squares d.f. Variance P 
Conditions .. gü 4°6069 3 1:5356 < 0-001 
Within Groups s% I-golr 92 00216 

Total ae ax 6-5980 95 


Third Presentation of Conditions: 


Effects Sum of Squares d.f. Variance P 
Conditions .. ha 0:7370 3 02457 < 0-001 
Within Groups... 2°0127 92 00219 

Total as ine 2-7497 95 


Fourth Presentation of Conditions: 


Effects Sum of Squares d.f. Variance P 
Conditions .. or 04478 3 01493 < 000r 
Within Groups .. 1:4738 92 0-0160 

Total ote T 1:9216 95 


Fifth Presentation of Conditions: 


Effects Sum of Squares d.f. Variance P 
Conditions .. . 0:4160 3 0:1387 < 0-001 
Within Groups Ss 1:2620 92 0:0137 

Total ae a 1:6782 95 


Sixth Presentation of Conditions: 


; a d.f. Variance P 
Effects Sum of Squares ji ; F 
Conditions .. 0°3930 a fe] < 0.001 
Within Groups 1:1869 p 2 

Total 15799 25 


2. Transfer and learning 


Four two-way Analyses of V 
practice on each condition, and a } 
condition on each of the four conditions. , ee ik 

The wear showed that the effects of practice were significant for all bee rt 
but at different confidence levels. For the true affirmative gondition Se tes eos 
than 0-025, for the false affirmative less than 0°05, for the true negative less 
001 i Ise negative less than 0-05- ra On 

T = = a iea transfer effects and no significant interactions m 
transfer and the effects of practice. In other words, the immediate previous er ae 
of any condition has neither a facilitative, nor an inhibitory effect on Hi P 
other condition The main parameters of response times arè the particu 


Which is operative and the general effects of practice on preceding trials. 


ariance were computed to examine (a) the effects of 
hi . . . 
transfer effects from the immediately preceding 
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3. Errors n 
The total number of errors made on each condition (out of a possible 144) is as 


follows, true affirmative (4), false affirmative (6), true negative (8) and false negative 


(29). Table V shows the frequency of errors at each successive presentation of 
conditions. 


TABLE V 


FREQUENCY OF ERRORS FOR EACH CONDITION AT EACH SUCCESSIVE PRESENTATION 
(max. possible at each presentation = 24) 


le 


PRESENTATIONS 


First | Second | Third | Fourth | Fifth Sixth Total 
TRUE AFFIRMATIVE I 2 I o o o + 
FALSE AFFIRMATIVE 2 o = o 2 I 1) 
TRUE NEGATIVE 5 I I I o o 8 
FALSE NEGATIVE 13 6 5 I 3 I 20 
TOTAL AE 21 9 8 


The striking difference between the 
tion, compared with the others, reflects j 


number of errors in the false negative condi- 


: its great. phenomenal difficulty which many 
subjects reported. More than half the subjects (13) made errors on it at its first 


presentation. For these errors there was a small but significant correlation 
(tau = + 0:35, P = 0:04) (Kendall, 1948) between i i 


ste 1 ; it is only strong enough to increase its 
Stance, most subjects Teported (see following section) that they 


“the same as” the false negative 


4. Logic of response 


Only five out of the 24 subjects delib 
to the negative information. Ando: 
of formal logic) made this 


erately made th 


e logically sufficient response 
nly two of these five ( 


and they had some knowledge 


Tesponse in the Most efficient w The remaining 19 
subjects all tesponded to negative infor : nt way. ne Te 
. . ‘mat: ses, 
demonstrations and introspections) ton (as revealed by their respo 


by Segmenting the statement into two halves 


PROCESSING OF POSITIVE AND NEGATIVE INFORMATION IOI 


and treating them independently. In other words, they construed the negative infor- 
mation as if it possessed the form “neither . . . nor. . . .””. The meaning of “not 
both” was lost on them. They endeavoured to leave both components unfulfilled, 
instead of one which would have been logically sufficient. 

The most efficient strategy for dealing with negative information is, of course, to 
look at only the first-named quadrant, make the appropriate selection of alternatives, 
so that the colour word in the first component is not the same as the colour in the 
situation, and then select an alternative in the second component at random. Two 
subjects, as mentioned above, did just this; of the remaining three, one subject made 
both components different from the situation in the false affirmative condition and 
one different and one the same in the true negative. The second subject adopted the 
same procedure for false affirmatives and for true negatives by making the alternative 
in the first component always the same as that in the situation and the second always 
different. The third subject adopted the most bizarre procedure. He selected the 
alternative in the top position of the first component of the statement, then looked 
at the situation to see whether his selection was the same or different from it, and 
finally made a selection from the second component so that the result showed one 
alternative the same as that in the situation and one different. In other words, his 
second choice was identical to the situation, if his first one was not identical and 
vice versa. Finally, one of the 19 subjects, who always tried to make both com- 
ponents different from the situation, said that he realized that only one need be so, 
but preferred to have them both different. f ; , 

A majority of subjects (13) reported that at different stages in the experiment 
they realized that the true affirmative and false negative conditions were equivalent. 
Six reported that they never realized the equivalence and had to work it out” each 
time, and four reported that they realized the equivalence in the first presentation of 


the false negative. 
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instance. But if, subsequently, a child were to say “cat” on the appearance of a dog, 
the adult would not say “not cat,” but “dog.” The occurrence would be taken as an 
opportunity to teach a new concept. Thus the negative instance of one concept 
becomes immediately assimilated to the positive instance of another. It is desirable 
not to establish a persistent interest in the class of “not cats.” Hence the utilization 
of negative information would seem to be a relatively sophisticated and mature 
activity because it implies a store of positive information which can be used as a 
standard. It is no good knowing what something is not unless that helps to eliminate 
possibilities about what it is. 

The interest in positive information, its frequency of use, and the emphasis given 
to it in early conceptual learning, make it reasonable to assume that there is a learned 
tendency to respond to it more readily than to negative information. It may also 
have the effect of making true (and affirmative) statements seem intrinsically more 
valuable, and consequently more acceptable, than false (and negative) ones. As one 
subject remarked, ‘‘The natural inclination is to accept what is the case regardless of 
any instructions.” 

It seems plausible, therefore, to suggest that the nervous system does not behave 
like the Kalin-Burkhart Logical-Truth Calculator but, as far as speed goes at any rate, 
responds in a one-sided way in favour of positive information, just because that kind 
of information is of such practical importance. In other words, it is assumed that 
there is an habitual (and unnoticed) positive set to the environment which makes 
adjustment to negative information “inherently” slower. ne 

Such an assumption would account for Hovland and Weiss’ (1953) finding that 
it is more difficult to attain concepts from negative instances alone than from positive 
instances alone, even when the frequency and amount of information given by the 
instance is controlled. It would also throw light on Bruner’s (1956) finding that 
subjects are not content to make inferences from negative instances, but redundantly 
prefer to make “‘direct tests” from positive ones. La 

In the present experiment the assumption of a “pre-existing” set for positive 
information would explain why the false affirmative condition takes longer to process 
than the true affirmative one. The explanation of the results of the other two 
conditions would follow by virtue of the fact that the order of presenting (i) the 
instructions (giving the truth value), and (ii) the statement is not varied. we 
instructions to make the statement “agree” or conflict” are naturally read before 
the affirmative or negative statement. And this means that the instnetiona rne Ha 
statement together induce a combination of positive and enie  e = 
order of inducing them is constant 


for each condition. F ? t } 
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“I prefer to have the negative first. I then feel I have an idea in my head and know 
what I have to do. ‘Agree’ and then ‘not’ pulls me up.” “It is easier to get set for 
‘Agrees,’ but then not so easy to stamp it out for ‘not.’ With ‘conflict’ at the top I 
did not have to do any mental juggling at all.” 

On the other hand, one subject, who did adopt the logically sufficient response for 
negative information, said, “When ‘conflict’ appeared at the top, I made the state- 
ment into ‘there is not.’ ” The remarks of two other subjects, who also adopted the 


ever, and the fact that they had appreciated the logic of “not . . . both,” they were 
able to “rationalize” 


round. This does not apply to ‘Agree’ and then 
ice illustrations of the fallability of introspection.) 
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It is, of course, possible to express negative information without explicit Le a 
the negative. Thus the language used in the present experiment could be wo k 
so that “not” appears in the instructions rather than in the statement, eg. i J A 
the statement so that it is not true,” followed by a statement in the form, for eat 
“red is absent (or present) in 3.” It is also possible to express a specific stateme : 
i.e. one which is true for only one value in the situation and false for n values, T 
negative form; and to express an unspecific statement, i.e. one which is true ie 
n values in the situation and false for only one, in affirmative form. The result 1s 
rather unnatural but not ungrammatical. For example, the statement, “There F 
not any colour in 3 except red,” is in a negative form, but it is true if and only if red 
isin 3 and otherwise false. Similarly, the statement “There is some colour in 3 other 
than red,” is in an affirmative form, but it is false if and only if red is in 3 and otherwise 
true (assuming, of course, that some colour always appears in 3). An experiment 
which uses language in this way is similar to the one cited previously which defined 
a class of odd and not-odd numbers. Butin that experiment the number of situations 
which fulfilled affirmative and negative statements was arbitrary. Here, in contrast, 
only one situation can make the negatively expressed statement true. 

It can also be argued, not that the words used in the present experiment were 
emotionally disturbing but that they were rather difficult to grasp. That this was 
indeed the case is shown by the fact that 19 subjects missed their point. The construc- 
tion “not both” is certainly rather unfamiliar, It is probably more difficult to grasp 
the difference between “There is both” and “There is not both,” than it is to grasP 
the difference between “There is” and “There is not.” Several subjects complained 
that the word “both” was troublesome, in fact one covered this word with her finger 
at every trial. It is certainly plausible to attribute some of the results of the first four 
trials to difficulties of understanding words. But it Seems rather less likely that 
Subjects have continually to strive to understand the meaning of the words used in 
instructions and statements, as opposed to grasping their joint implication. Those 
subjects, who did not adopt the logically sufficient procedure for negative information, 


imposed their own meaning on the conditions and seemed to adjust to the experiment 
quite happily by Segmenting the statement and assuming that the negative qualified 
, Le. by construing the statement as “neither . . , nor.” Those 
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statements, and (c) varying the situation so that the correct answer is either “yes” 


or “no.” 
It is evidently possible to exert some control ov 
usually associated with negative information: 
(a) the linguistic factor, i.e. the actual words u: 


(b) the degree of specificity of negative statem! 
which are allowed to fulfil them. 


er two of the variables which are 


sed to denote negation, and 
ents, i.e. the range of situations 


By manipulating these variables systematically it should be possible to assess their 
th negative information. It might 


contribution to the apparent difficulty of dealing wi 

then be shown under what conditions the nervous system fails to behave like a 
computer, whether it could be trained to respond mechanically, or whether the 
inevitable inferential nature of negative information and the persistent interest in 
Positive information puts it for ever at a disadvantage. 


I am indebted to Mr. J. W. Whitfield, who first interested me in this area of research, 
e his encouragement and constructive criticism, to Mr. J- Irwin for assistance with the 
design of the experiment and to the students Wwho so readily agreed to act as subjects. 
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SHORTER ARTICLES AND NOTES 


INTELLIGENCE LEVEL AS A VARIABLE IN THE 
PERCEPTION OF SHAPE 
BY 
H. LEIBOWITZ, I. WASKOW, N. LOEFFLER and F. GLASER 
From the University of Wisconsin 


The relation between shape constancy and intelligence was investigated by determining 
the functions relating matched shape to the angle of inclination of a circular test-object 
for groups at four levels of intelligence. Subjects were obtained from groups of institu- 
tionalized mental defectives, slow learners from the public schools, unselected under- 
graduates, and undergraduates who had been awarded scholarships. With increasing 
intelligence level the matches tend to approach the prediction based on the law of the 
retinal image thus demonstrating an inverse correlation between intelligence and the 
extent to which constancy is demonstrated. Since it is known the instructions given to 
the subject are a variable in shape constancy, it is suggested that the present data are 
the result of different attitudes adopted by the subjects at the various intelligence levels. 
The more intelligent subjects are assumed to adopt an analytic attitude in the experi- 


mental situation, while the less intelligent tend to maintain their everyday, non-analytic 
modes of perceiving. . 


INTRODUCTION 

Experimental studies of perceptual constancy typically 
subject variability (Klimpfinger, 1933; Sheehan, 1938; Thouless, 1932). In the 
perception of shape, this variability increases under conditions which favour the 
appearance of the constancy effect. With increase in exposure duration or luminance, 
shape matches exhibit an increasing tendency toward shape constancy as well as 
greater intersubject variability (Leibowitz, Mitchell & Angrist, 1954; Leibowitz & 
Bourne, 1956). The purpose of the present experiment is to determine the role of 
general intelligence as a factor in shape matching under experimental conditions 
which produce high variability among subjects. The tendency toward shape 
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ellipse was the same or different from the disc. When the response “same” was given, 
the experimenter continued to change the ellipse until the response “‘different’’ was again 
elicited. The subjects were instructed to take as much time, i.e. as many exposures of 
the disc and ellipses, as was required to make a satisfactory match. Each subject made 
three matches at each of seven angles of inclination of the turntable, the order being 
determined by a 7 X 7 latin square design. Between matches, the experimenter offset 
the ellipse series randomly. The illuminance incident on the stimulus and drawings was 
Io foot-candles. A session lasted from 15 to 30 min. 


SUBJECTS 

The first two groups tested, the Ford fellows and the mental defectives, were chosen 
to represent as great a difference in intelligence as possible. The Ford fellows consisted 
of twenty-one males and twenty-one females who had been awarded “early admission’ 
fellowships on the basis of superior academic potentiality. These students entered the 
University of Wisconsin before completing their last year, or in some cases their last 
two years, of high school. As a group, their performance in the university has been 
unusually good. 

At the other extreme, an attempt was made to choose subjects from the Southern 
Wisconsin Colony and Training School whose intelligence was as low as possible but who 
could be tested on the same apparatus as used with the other subjects. Preliminary 
experiments indicated that subjects with mental ages below seven years could not under- 
stand and/or follow the instructions. The eleven females and ten males chosen were of 
the familial type and had no history of brain injury, abnormal EEG, eye defects, or other 
pathology. All co-operated well in the experimental situation. . j 

When it became apparent that there was a difference between the matching functions 
Obtained from the extremely high and low intelligence groups, two additional groups at 
intermediate levels were introduced. Twenty-one “slow learners,” eleven females and 
ten males, were obtained from the remedial classes of the local public schools. ; These 
Subjects have an IQ range from 61 to 88 with a mean of 74 as compared with the institu- 
tionalized subjects range of 51 to 80 with a mean in the low 60’s. A fourth group whose 
general intelligence level may be assumed to be between the “slow learners” and the 
Ford fellows was obtained by requesting volunteers from the undergraduate psychology 
Classes at Wisconsin. Ninety-eight of these subjects, equally distributed as to sex, were 
tested. For all groups, the subjects were unaware of the purpose of the experiment. 


TABLE I 
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The data were analysed by means of a modified Alexander trend test (Grant, 
1956). The difference between the linear component of the trends for the four 
groups was significant beyond the o-or level of confidence. In order to determine 
what differences among individual groups was responsible for this trend, a Duncan 
range test was used (Duncan, 1955). By means of this test, it was possible to 
evaluate the significance of the differences between the slopes of all possible pairs of 
groups. These differences were found to be significant for all comparisons except 
that between Ford scholars and elementary psychology students. With this 
exception, the statistical tests support the impression obtained from the graph that 
the extent to which shape constancy is demonstrated is inversely related to 
intelligence. 


DISCUSSION 


The results of the present experiment indicate that with increasing intelligence 
level the shape matching functions exhibit a decreasing tendency toward shape 
constancy. For a given angle of inclination of the circular test-object, less intelligent 
subjects tend to choose a “rounder” ellipse of greater axis ratio. Similar results 
obtained over a less extensive range of conditions have previously been reported by 
Thouless (1932). i 

Since the stimulus conditions were identical for all subjects, any discussion of the 
present results must be in terms of the conditions of the organism at the time the 
discrimination was made. A number of experimenters have reported that the 
instructions to the subject, or perhaps more precisely the set or Einstellung resulting 
from the instructions, can influence the values obtained in shape matching studies 
(Angrist, 1954; Klimpfinger, 1933). Such findings provide a possible basis for 
interpretation of the present data. The instructions in the present experiment 
require the subjects to choose an ellipse such that the test-object and the chosen 
drawing appear the same. The subject is being asked to adopt an analytical attitude 
toward the test-object in order to produce a match between a two-dimensional 
drawing and the tilted disc. If it be assumed that the more intelligent the subject 
the more able he is to follow the instructions and adopt an analytic attitude, the 
present findings may be understandable in terms of the known effects of set or 
attitude as a variable in shape perception. Stated differently, with eee 
intelligence the subjects are more able to follow the analytic instructions and to 
produce a retinal image OT geometrical match. Contrariwise, the less intelligent 
subjects are less able Fo shift from every pasa aod modes of observation 1n 
or 7 wi equirements of the experiment. . ; 
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A BLUE FILTER TECHNIQUE FOR DETECTING EYE 
MOVEMENTS DURING THE AUTOKINETIC EFFECT 
BY 
R. L. GREGORY 
From the Psychological Laboratory, University of Cambridge 


ve: It is well known that if a stationary small dim light source placed in a dark room 
is fixated it will, after a time, appear to move. This apparent movement (‘‘autokinetic 
sensation”’) is compelling, it cannot be arrested by the will (as Helmholtz might have 
put it) and it is seen by all observers in the appropriate conditions. The movement 
may be erratic or fairly steady, fast or slow. It may cover angles of well over 30°. 
When large, the effect gives a feeling of paradox—the light moves, yet one does not 
seem to follow it with the eyes and hence it cannot have moved. 

In a recent textbook, Walsh (1957) writes: “The autokinetic sensations . . . are 
probably produced by slow movements of the eye . . - these sensations represent an 
imperfection of the visual apparatus, for if the central apparatus had available and 
successfully dealt with accurate data conce 
ments could be made to ‘cancel out’ the effect: 
retina.” 

This seems a surprising statement in view of th 
and Dallenbach (1928) who undertook elaborate experimen 
technique to detect and measure eye movements during 
Guilford and Dallenbach could find neither large slow movemen 
tooth” movements which might, by some kind of summation, 
autokinetic movement. 

The detection of eye movements in the 
method would have many uses, besides serving 
Dallenbach’s results. The following method is simple, t 
and it may be used for at least one nice class demonstrati 


Purposes. 


rning the position of the eyes, arrange- 
s of the shift of the image across the 


e now classical paper of Guilford 
ts with a photographic 
the autokinetic effect. 
ts, nor small ‘‘saw- 
have produced the 


dark is a nasty problem. A convenient 
as a simple check on Guilford and 
he apparatus costs very little, 
on and for various research 


METHOD 
It is fairly well known that the fovea of the human retina is blind to weak stimulation: 
by far blu Yit (Wi 1 involved is at the region of central fixation 
t (W 6). The area involved 1S a regio i 
ue light (Willmer, 194 ) his central blue-blind spot may be 


Where acuity is great lht white light. T 
e a | Danks the Thord Narrow Cut Spectral Blue is suitable) 
itably adjusted, the blue light 


pe pe iy Pen tae ad R the intensity is su 

n a a im li ê: ni suite € e blue 
will be corn ree be peipheral vision, as a bluish-white light, but will be invisible to 
irect fixation. By adjusting the subtended angle of the blue source a small eye oe 
may be detected, for immediately the eye shifts from direct fixation this bluish-w ae 
Seen. After a few minutes dark adaptation the effect is striking. It is even possible, 
after some practice, to see the edge of the blind area moving about on the blue field with 


1e very s saccadi vements of the eye. . NET 
In T Semia to detect eye movements during the autokinetic ae 
à small red filter may be placed in the centre of the blue field. The Iford Narrow y 

Pectral filters are available as gelatin sheets, for photographic purposes; it isa ben 
Matter to punch a hole in the blue filter and cut out a disk of the same size in the a A 
using the same punch. T. be mounted in the hole in the be ee 

ding them in 2 in. This may then be mounte Pie 


ted wit ig an be controlled with a varial 
d with a torch bulb whose brig n je res 
will then tetai that when the red light in t the blue field i R 
ark room, the usual auto ill be observed. s ean ae 
t ight will be immediately surroun -W : 


Ce: 
Ntral fixation, the red Ii 
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i ineti halo 

The question is: when the red light moves amring pie iene a see — bes oe 

i he eye must have moved; if it does not, len k Gna 

a Oreniie ates f the blue from the blue-blind region of the retina. 

moved sufficiently to shift the image of the f: l a e o 

itivi z be adjusted by placing a photograp! 
The sensitivity to eye movements may piacng O protono D E ea 
i ver the filters and adjusting its aperture, and thus the angle s 

fie ue bela. oo that it fills more or less of the blue-blind region of the retina. 


RESULTS 


The autokinetic effect has so far been examined in fifty subjects with this ce 
None have reported the halo during apparent movements of the red light, ae 
reported seeing the halo quite distinctly when deliberately fixating a real or pee rs 
point just displaced from the red light. Thus large slow movements are evide 
not the cause of the autokinetic effect. ; esi 

By setting the aperture of the blue field so that its image covers the whole 7 z 
blue-blind region (so that sensitivity to eye movements is maximal) it sow aa 
principle be possible to examine one’s saccadic eye movements while noting the a 
of the red spot. When the eye is dark adapted, and the intensity and the aa 
subtended by the blue field adjusted optimally, the periphery of the blue field is seer 
to undulate in a curious manner, evidently indicating very small eye movements. 
These appear to be random rather than directed in any manner related to the 


_ direction of apparent movement of the red spot. But the observation is difficult to 
make. 


These results confirm those of G 


method. It seems quite clear that e 
autokinetic effect, as may be very si 


uilford and Dallenbach using the photograph 
ye movements are not a necessary feature of the 
mply demonstrated with this blue filter technique 


I wish to thank my wife, Mr. Alan Was 
Zangwill for valuable discussio 
grant were used for making th 


tson, Miss Jean Wallace and Professor O. L: 


n, advice and help. Funds from an M.R.C. apparatus 
e eye movement detector. 
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AIR-DILUTION OLFACTOMETER : 125, 


APPARATUS 


AN AIR DILUTION OLFACTOMETER SUITABLE FOR 
GROUP THRESHOLD MEASUREMENTS 
BY 
G. H. CHEESMAN* and H. M. KIRKBY 
From the Dept. of Psychology, University of Reading 


hich a series of smelling points may be kept 


An apparatus is described by means of w 
lled concentrations of odorous material. 


independently supplied with constant contro 
sman & Mayne, 1953; Cheesman & Townsend, 


1956), that threshold measurements made on groups of subjects may be made sensitive 
enough to enable small changes to be estimated with confidence. For the purpose 


of the experiments described in the publications cited, jt was convenient to use a very 


simple technique in which the concentration of odorous vapour was controlled by 
This method has the great 


Means of an aqueous solution of the test substance. 
advantage of requiring very simple equipment and a minimum of manipulation, but 
it is only reliable with materials which are completely miscible with water, and the 


choice of experimental materials is thus considerably restricted. In planning further 
vays in which this restric- 


work in this field, the present authors set about examining W 
tion could be removed. A possible approach would be to replace water by some other 
odourless liquid diluent, but such a substance is not at all easy to find; even the few 
materials which conform to the requirements are open to the objection that they 
might have a measurable effect on the threshold of the odour of the solute even though 
they were undetectable by themselves. Although this argument may have little real 
force, it would need considerable work to place the matter beyond question, and it 
was concluded that it is preferable to dilute the odorous substance directly with clean 


air, and to avoid introducing any other material whatever. 
Quite a number of air dilution instruments have been described in the literature 


(Woerdemann, 1934; Fair & Wells, 1934; Elsberg & Levy, 1935; Rennes, 1940; 


Jerome, 1942; Le Magnen, 1947; Wenzel, 1948; the last cited contains an excellent 
A : Most 


bibliography), but none appears suitable for determining group thresholds. 

workers have arranged their apparatus to deliver the various concentrations of 
odorant to the observer at a fixed point (a nosepiece or similar device). Such an 
arrangement has the merit of saving space and equipment, but with a groue Pa 
Observers this aspect is less important since replication of testing points is an e 
in any case because it takes too long to test subjects one at a time. Once the rep ee 
tion of testing points is ac dvantage to maintain steady 


cepted, it becomes a distinct a 
concentrations at each of these point 


s and to cause the subjects to circulate among 
them rather than to vary the concentrations reaching stationary subjects. By this 
means it is possible to elimina 


te uncertainty arising from the time taken for a changed 
concentration to become effective, a question closely bound up with the volume of 
the apparatus in relation to the rate of flow of air in it, and one which would impose 
very severe restrictions 0n pparatus. Thus the prototype ap 


the design of the a paratus 
described here was provided 


It has been found by one of us (Chee 


with twelve testing points and each observer sniffed at 


* Now of the Chemistry Dept., University of ‘Tasmania. 
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each of these points in turn during the complete test. Since the concentration of 
odorant remains constant at all points in the apparatus, the only instrumental time- 
effect was that of recovery of concentration in the smelling-point after it had been 
sniffed by a subject. This time of recovery could be made quite small by ensuring a 
reasonably high rate of replacement and a sufficient volume to act as a buffer. Like- 
wise, effects due to the formation of adsorbed films on the glass surfaces reach a steady 
condition and exert no influence on the steady concentration of odorant. AS 
individual subjects may have to be used in several tests in the course of time, it is 
desirable to have provision for changing the distribution of concentrations among the 
various smelling points, in order to eliminate any possibility of the subjects associating 
particular conclusions with particular situations. 


Dso 


BIO 


Qascy, P'O 


Scale—cms 
Fic. 1 


Another aspect of design concerns 


Í the mann ivi afs the 
apparatus; in many of the earlier ol er of driving the air through 


factometers described in the lit i tive 
= ji F ‘ erature this moti 
fete T has been provided by the observer himself, Usually a nosepiece fitted closely 
aiita - ae has been used and the sniffing of the observer drew air through the 
i A us. Ina group apparatus this introduces many difficulties and it is 
preterable to force the air through the apparatu: to 


allow the subject to 


s from an external s nd 
TA 3 source, a 
) sniff 1n a natural manner. A f 


Its probable that each person unconsciously adopts a technique 


odours with which he makes the best use of the olfactory 


= most observers show an appreciable reduction 
d to the use of anosepiece. With continued practice 


in detail, we found it preferable to avoid on 
ed training effect. Our smelling points wer 
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designed to simulate rather closely the bottles used in our earlier experiments, into 
which the observers were instructed to thrust their noses and sniff just as though they 
were trying to detect a smell in a bottle. Figure 1 illustrates the form of smelling 
point used and found satisfactory. 

The present apparatus may be described in the following units: (1) the source of 
air; (2) an air-cleaning device to ensure that the air used was free of odour; (3) a 
saturator to provide a fixed upper concentration of odorant, and (4) a series of 
diluting devices supplying the appropriate concentration to each smelling point. 


Air supply 

As a source of air, a cylinder of compressed air was employed. A mechanical pump 
might be preferable, but freshly pumped air is apt to be badly contaminated with oil 
spray, and cylinders provide a convenient way of allowing the compressed air to stand 
for some time before use to allow fine droplets of oil to settle. Low-pressure gas-holders 
and fan blowers seem possible alternatives. 


Air cleaning 

A number of devices were tested for cleaning the air entering the apparatus. Carbon 
and silica absorbers were rejected after trial as rather slow and somewhat uncertain in 
action; they were apt to become saturated without warning. Considerably more success 
was found with a suitably designed condensing system cooled to a low temperature; this 
appears effectively to remove foreign odour from the air stream, provided that the rate of 
flow was low enough to enable all the air to come into contact with the chilled surface. 
Early designs consisted of copper tubing in which the area of cooled surface was increased 
by packing with metal turnings; and while these devices achieved a moderate success, it 
was found impossible to clean them satisfactorily. Glass apparatus was greatly superior 
in this respect as it could be cleaned chemically. Owing to the poorer conducting properties 
of glass it was necessary to increase the effective surface by using a number of fine tubes 
connected in parallel; a considerable length of tubing was incorporated in each element 
by coiling it up into a helix. In its final form the apparatus contained three coils, each 
consisting of about 2 m. of glass tubing with an internal diameter of about 4 mm., 
immersed in refrigerant. This apparatus cleaned compressed air from commercial cylinders 
quite effectively at 12 litres per min. when carbon dioxide-alcohol mixture was used, and 
could probably be used for still higher rates of flow if cooled with liquid air. Such a device 
leanse by chromic acid and distilled water, followed by heating while passing 


Is easy to c 
a stream of dry air. 


Satuvator 

Jé ati a air to the vapour pressure of the odorous substance at & controlled 
Ga S raes = ke e way of producing a definite and reproducible, se 
tration, and in order to reduce the amount of further dilution which has o be ` a 
order to bring the concentration down to the neighbourhood of ie Coa ee 
be necessary to bring about this saturation of the air Stree a at “al eee. a 
The design of the saturator was basically that described by aon BE eas A a 
Hartley (1908) for their experiments on the vapour pressures pi apan Tn ae 
apparatus of this type but of slightly larger dimensions than h a ace oe P 
work was found to be effective (each chamber was about 25 cm. long # 2 š 


F S s. It was tested 
= RT agitation was found to be superfluous. 
As reported by the original authors, ta Enn the uptake of vapour. It was found 


y aspirating air at various S$ surin penpan O st ‘ na 
that he uplake of vapour fell very slightly with increase in rate o! a ae PR i i ine 
highest rates used in the olfactometer (about 1°5 litres per min.) the drop wa 
Per cent. 2 be neglected for our purposes. aeaieie 

aik et = flow the fall became more marked, but it is believ = bee 
effect may ieee een, illusory, as a result of inefficient trapping of the vapour from a 
Strea ii eat oncentration at these S 9 7 oe 

“This oa annie f eupported in a thermostat, and the incoming air was gea ai 
about 70 oie. of DRE immersed in the bath before SEE the saturating veen Jagged 
Athe Gath was i ded for use at temperatures down to — 50° C., ie A 
and pe nath was Ee poodle by circulating the bath liquid (icona) ae ome 
pau aw inen in carbon dioxide-alcohol mixture contained in a S aa 
ask The ae i ae vas controlled by @ thermo-regulator of conv entional pattern, 
- The circulating pump Wê y 
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arranged so that the pump was put into operation as soon as the temperature rose above 
a predetermined value. Additional stirring was provided in the main bath and it was 
found that adequate lagging was essential in all cooled parts of the system. But without 
other precautions it was quite easy to maintain constant temperatures down to — 60° C. 
within about 1 degree, which was quite adequate for the purpose in view. 


Dilution and mixing arrangements 


The air passing from the saturator travelled through a considerable length of glass 
tubing to the next part of the apparatus. This lengthy connection served two purposes- 

. In the first place it enabled the saturated air to regain room temperature; in addition it 
enabled the thermostat to be placed at a distance sufficiently far from the ‘subjects that 
possible disturbance by the sound of the mechanism and the odour from the alcohol bath 
could be eliminated. In the particular arrangement with which these experiments were 


done, the saturator and air cleaner were placed in a small building on the roof of the 
testing laboratory. 


Dilution 


Upon entering the testing laboratory the tubes bringing the clean air and the odour- 
laden air were led along the centre of the testing bench and carried a number of branches. 
Each branch terminated in the concave member of a hemispherical ground glass joint. 


32, 


28) 


24 


xl- 


0:998 litres/min. 


Pressure (cms. of water) 
a 


| See ee ee 


L. 
a 0d = Oe OS oe EI T6 


Flow (litres/min.) 
- Calibration curve for capillary Azo 


18 
Fic, 2 


The counterparts of these g on 
X round sw ta 
been calibrated for the rate ot pith ft e tha to 
this means each point on the air or odour distrib T a stand. 
a selected glass capillary tub uting suppl: 


s e whi z 
odour-laden air as required ch would take off 


capillary tubes which had 
ard pressure difference. 


` ” O 
es must be of adequate diameter a 
A a 
dentical pressures. (In the orib 2 
, and these were not adequate. FO 


12 litre/min e 
desirable.) /min., tubes of about 2-5 cm. diameter or even more ar 


The outlet ends of the cap 
smelling points arranged alo 
hemispherical sockets with ¢ 


illari p 

ng esie connected through similar ground joints t iow 

are, it was = z tie working bench. By locating the hol 0, 
vu Nas easy to ensure that the various calibrated capilla”” 


Se 


oz 
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tubes were interchangeable at will, thus enabling any desired proportions of pure air and 
odour-laden air to be fed to each smelling point. Each capillary tube was calibrated at 
several pressures by measuring the volume of air passing per minute from the low-pressure 
gas-holder fitted with a constant pressure head. A representative calibration curve is 
shown in Figure 2 and Table I shows the values obtained for the whole set of tubes used 
in the apparatus at the standardized pressure difference. 


TABLE I 
CAPILLARY TUBES 


TT 


Designation: 
(A = pure air; 
O = odour-laden air; Actual Dilution Ratio Rate of air flow, litres /min. 
the members of a pair normally (intended ideal ratios in at 18-45 cm. water p.d. 
worked together ave bracketed) brackets) between ends 
A A used for supplying \ oak 
A 3 “blank” smelling points To 
0:878 
4 { 1:7°55 (75) } oae78 
A 6 A oo tice 0-938 
07 { 1: 14°85 (15) } 0:0632 
A 8 0°9905 
O 9 { 1:29:88 (30) } 0:0332 
A 10 danara a53 
Ou { 1:422 42-42) } 0°02325 
2 x 0'951 
rA a { 158-0 (60) } 601638 
1-009 
Pe { 1:848 (84°84) \ 0:01 190 
1015 
a 7 { 1:123 (120) } 0100826 
1:047 
a a { 1:239 (240) } 0-00438 
0-998 
20 { 1:492 (480) } 0*00203 
21 


No. O 21 consisted of 10-2 cm. of o2 mm. (precision pore) pyrex tubing; wider capill 


i { fi fine tu 
was used for the others and their lengths varied between Ok ake ee ae 
were avoided as far as possible owing to the serious effect of any pi 


If the flow-controlling capillaries could ie pan mae, ba ie 
ab E y was strictl proportional to e pressure drop, the same -puti 
No ad steers = Sued me of the absolute preni Pasun a me ee 
tubi h atus, provided only that the pressures of pure al 2 
eon oe i "The rate of air flow was not exactly proportional Z the P 
under conditions giving adequate rates of flow through capillary tu E E Te AA 
Which were large compared with the remainder of the apparatus. As 7 i ee cage at 
Curve of a a resentative tube (Fig. 2), the deviation is not ne a a wee 
conditions uA but in order to eliminate error due to this effect, ap 
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wi i istri i i is w; ieved by allowing 
vith a constant pressure in the distributing lines. This was achieve: 5 
Sae eee of air to ae through a constant-head device at the remote end of each 
supply line. 


Smelling points 


The design of the smelling points gave a certain amount of difficulty, but after Pane 
various arrangements it was found that a C55 tapered ground joint was large enough to ie 
used in just the same way as the bottles in the earlier experiment. Furthermore, oy 
using an outside-fitting cap in place of a conventional stopper, the disturbance of eae ue 
tration due to turbulence when the vessel was opened was greatly reduced. The final forr : 
adopted for the smelling points (Fig. 1), therefore, consisted of a body of 55 mm. ots 
tubing about 10 to 12 cm. long with an inlet for the appropriately diluted odour near 2 
the lower, closed end. A tube of about 8-10 mm. diameter passed concentrically through 
the closed end and extended to within 2:5 cm. of the open mouth, so that when the cap 
was in position the incoming air travelled the whole length of the chamber before escaping 
down the centre outlet tube. The caps were kept as flat as possible so that it was not 
necessary for the outlet tube to protrude beyond the open end of the C55 cone into which 
the subject was instructed to thrust his nose. The outlet tubes from all the various points 


of the apparatus were taken independently to a flue in which a fan maintained a draught 
to the outside air. 


General constructional considerations 


In all work of this kind great care is required to avoid accumulation of accidental 
contamination of any kind. This is most serious in those parts of the apparatus actually 
handled by the subjects, i.e., the smelling points, but it arises in time in all parts of the 
apparatus. It was, therefore, necessary to provide for removal of every part for cleaning, 
and ground glass joints were fitted which enabled every section of tubing to be removed 
and cleaned by chromic-sulphuric acid and then water, with subsequent baking in a stream 
of clean air. Dismantling was facilitated by erecting the diluting devices upon a framework 
of steel rods, from which all the components could be Supported by clamps. 

The arrangement of the apparatus can be seen from Figure 3. The steel frame 
Supporting the dilution capillaries was erected along the centre of a long table, round the 
edge of which the twelve smelling points were disposed, so that the subjects could circulate 
from point to point round the table. It would undoubtedly be an advantage to separate 
the smelling points from the remainder of the apparatus by some form of opaque screen, 
but this was not feasible in the prototype. 


Operation 


Before each series of tests the entire glassware of the ¿ atus was dismantled and 
thoroughly cleaned with chromic-sulphurie acid aite alosa br ens wand 
with water, The parts were dried by heating in a current of air. The apparatus gas 
assembled taking care not to handle any of the ground surfaces; a current of clean air WS 
sent through every part of the whole apparatus, the saturator being temporarily replace 
by a length of plain tubing. At this stage a blank experiment was made with a small grouP 


of subjects to establish that a satisfactory | k ; tor 
5 ee a y blank response level was atta atura 
was filled and placed in circuit, and the the: 7 nS attained. Thes 


: tmostat set to the predetermined temperature: 

Then the air flow was started and adjusted, and the z steady 
z a sted, e apparatus 4 rei settle to a stea 

state before testing was commenced. Pparatus allowed to settle to a $ 


The group of subjects was stationed at the smellir 


end they ane tN ted to remove the cap and sniff each at his own point when a signa 
was given. After sniffing, each subject replaced the cap and moved forward to the neXt" 


smelling point to await the next signal whi vi ivi : : val of 
time. In this way each subject te | fhe tas given after a predetorminedinii 


E ested all the 12 points as irculz a d the test 
bench and each Subject tested all the concentrations of _ pe ee sequence” 
though each subject entered the Sequence at a different point S This procedure wanlexne 
comparable with that Previously used with the bottles containin aS solutions of the 
test substances. In subsequent tests it was quite easy if design to älter the distributio” 
of concentrations by Tée-arranging the capillary tubes. S a 

No attempt was made to introduce a “masking odour” during these preliminary 
experiments-t' was envisaged to build a similar but independent a aratus to provic 
masking stimuli at adjacent smelling Points at a later sta, r A anes this however 
the choice of concentrations, the number of blank tests Cer ee concentration), th 


x Š ly 
ng points around the testing benc! 
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i i i j y rranged to 
t forms, and the instructions given to subjects, were a ng, 
follow aS a o oR to the pattern of the author’s earlier experiments with the 
“sniff-bottle” technique (Cheesman & Mayne, 1953). 


Performance 


vapour. Unfortunately, circumstances arose which necessitated dismantling it barota 
eries of replicated threshold measurements 


ce on record information which may 
lating the design of similar apparatus- 


TABLE II 
OLFACTORY THRESHOLDS OF 


iso-PROPANOL 
Saturator at — 25°C. (v 


7P. = r:o mm. Hg, ICT) 
Threshola* 
No. of Room Scale steps (+ 2) Partial pressure 

Test No. subjects Temp. below saturation (mm. Hg.) 

I i 20 16-0 38 0'072 

2 I0 18-3 6-2 0-013 

3 I0 149 4'9 0'034 

4 To Ito 3°5 0-088 

5 10 15.0 45 0-044 
* Threshold — concentration 


A at which no. of ositive r = no. of 
negative responses, pi esponses 


Our warmest thanks 


are due to Professor R. C. Old 5 PEES d of the 
Psychology Department, University of RE eai field, at that time hea 


f tus 
i Tovided a location for the appara 
and helped generously with every aspect of the work itself poe of the research 
Ae nepe grants from Unilever Ltd. the Medical Research Council and the Cart? 
Association, to all of whom we record our thanks, 
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a 958. 
Perception and Communication. By D. E. Broadbent. London. Pergamon, 195 
Pp. v + 338. 55s. . WEA 
The i of this book does some injustice to the importance of OES i cor 
nication” hints at lengthy mathematical argument, yet the book is, ina yk yen 
DA non-quantitative. Nor is it limited to what is usually understood by percep aii 
Tts easly pees promise that it will do for hearing what was done for seeing by V Sat 
Further Studies in Visual Perception, and granted the paucity of rng Ee 
auditory perception (as distinct from the psychophysics of the ear) this Prowiise is Bag 
But the clue to the book is given by the following statement. Computing mz ape 
operate on a binary basis; they have long-term and short-term stores; servo sy SONR el 
goals by negative feed-back. “But it is often urged that these analogies are of no ee 
unless there is evidence that organisms operate in the same way: and it is eoi Be 
assumed as a further step that no such evidence exists. This book has been inten Epes 
show that nervous systems are networks of the type shown ++. and of no ot ppt 
As has been admitted, the evidence for parts of the system is weaker than that for o Ne 
but a general layout of this type is entailed by the detailed evidence about Deen 
which we have surveyed” (p. 304). In short, the book is concerned with fundame Hex 
questions about the organization of behaviour and approaches these questions by cones 
minded scrutiny of detailed experimental evidence. In this respect, it compares y i 
` the manifestos of Hull, Skinner, Tolman and Hebb—and it does not suffer by compariso! i 
No psychologist can adequately discuss the contemporary treatment of basic psychologies 
issues without having read this book. Furthermore, as the quotation indicates, Be 
bent is no dogmatist: he asserts his conclusions modestly; acknowledges alterna ty 
interprerations frankly, and sympathises with approaches other than his own. AOE z 
he criticises the theories of others, particularly S-R theory, his approach is wholesomety 


constructive and free from the sneering and special pleading which mars so much 
theoretical psychology. 


Like the earlier manifestos mentioned 
impact of cybernetic principles on 
matter. Also, it is based on a | 
production of much of which t 
evidence comes from work on co: 
main it comes from studies of n 
effects of noise, immediate me: 
studies of skilled performance w. 
Research Unit. To all except a f 
familiar or known only by nar 
engineering. Broadbent h 
Summary of these studies and it is 
material for the introductory textb: 
that these Surveys are both informed and lucid. 


himself wrote another bo | } zeneral reader covering the topics of vigilang’ 
noise, multi-channel listening, and immediate memory.) Itis, incidentally, pleasing 


find a book of this calibre relying so heavily on British work, Ata rough count, 4° Pe 
cent. of the more than three hundred references are to Bri 


tish pa s. Noteworthy 

is the fact that the book supplements and is supplemented i ine Pts recent anc 
outstanding books of Cambridge origin, namely, Bartlett's Thinking anë Welford’s 
Ageing and Human Skill, ae 

Broadbent's purpose is not, » the mere reporting of interesting and nee 
known work; it is the critical’ asses is work in order to arrive at gener 
principles of behaviour. This Pp me apparent until the book is Wê 
under way; and the reason for 


he author ha 


? en ie WE 
is being so, it is W t 
(It would be admirable if Broadbe? 


urpose does not becor 


gi : : . j its f be 
L r this is given in a cogent discussion of the limits of pat 
hypothetico-deductive method (PP. 307-313). This revered method, it is argued, is 9%; 


r E P: spli 
strategy for scientific exploration and, at least in the early stages of research, the half-SP. 


5 i ran- iz j fic, 
method is more likely to Pay dividends, Research should not start with sper ns 
quantitative hypotheses, make deductions f 


‘ : rom these and then test the deduch sh 
against evidence. Rather, it should survey a population of empirical findings, esta 


BOOK REVIEWS T25) 


generalizations about these, then consider broad qualitative classes of theory which 
might explain the generalizations, and eliminate those classes which do not accord with 
further empirical data. The reviewer is in substantial agreement with this argument. 
But the strategy of research and the expository structure of a book are different matters 
and the hypothetico-deductive sequence is certainly easier to follow in the latter case 
even if it does mislead some readers about how research is conducted. Broadbent, 
however, has chosen to write his book as he conducts his research. And it is this which 
gives the book its unusual and distinctive flavour, its main strength, and its main weakness. 
It starts with descriptions of empirical findings and ends with twelve principles and a 
“tentative information-flow diagram for the organism, as conceived at the present time,” 
keeping a sharp eye all the time on the possible physiological processes underlying these 
principles. All this gives the stimulating feel of research in progress but makes it difficult 
for the reader who is unsophisticated in experimental psychology and, more important, 
makes for a lack of coherence among the different chapters for, while each chapter is 
excellent in itself, the whole does not impel the reader towards general theoretical 
conclusions in the way Broadbent obviously hoped it would. 


The unusual plan of the book (coupled with its author's great competence and open- 
mindedness) also makes a reviewer’s task difficult. Again and again, this reviewer was 
on the point of raising some query OF objection only to find himself forestalled by the 
next paragraph. The limitations of the final conclusions are so candidly stated that 
any brief critical assessment becomes impossible. This does not mean that these con- 
clusions are unworthy of serious consideration. Far from it. They draw attention to 
properties of the behaving organism which would seem, in most cases, to be of basic 
importance. Nor does it mean that the book lacks good things: it bristles with them and 
makes difficult the task of selecting among them (because of this, the book deserves a 
much fuller index than it has). 

For the reviewer, the importance of the book lies less in the formally stated con- 
clusions of the last chapter than in the fresh views constantly afforded of so many familiar 
(and unfamiliar) psychological phenomena and hypotheses. In this respect, it has 
“something for everyone.” For the student of conditioning and learning, the inhibition 
theory of extinction is shown to be, at the least, unsubstantiated and a feasible alternative 
theory is suggested. Those interested in rote-learning will be stimulated by the excellent 
discussion of immediate retaining and short-term storage systems. For students of 
personality, the unexpected chapter on individual differences relates Eysenck’s “intro- 
version-extraversion” to the promising notion of long-sampling and short-sampling of 
information: and for the mental-tester, this same chapter throws out a potentially 
revolutionary hint by indicating that student success 1n the Cambridge Tripos may be 
predicted better from performance on the triple tester than on the AH4. „The attention 
of students of perception and thinking is commanded by: the notion of ‘‘filtering ; the 
emphasis on the centrally coordinated, dynamic, and sequential relatedness of psycho- 
logical activities; and the dramatic observation that intro- (or more properly retro-) 
spection is limited because it would otherwise represent the transmission of more aren) 
tion than did the original performance. For developmental arid comparative psycholo- 
gists, the chapter on “Verbal and Bodily Response” excites because of its comments on 

ature of verbal behaviour and the new look it takes at semu aa Be EN 
ship: he “three modes of response to a sequence otenn ge Bie e al aon po 
a vast array of developmental phenomena, for AE opment of young children’s 


Shee sio shown b 
partially account for the broad sequence uaa psychologist there is an abundance 


remembering performances. For the physiologica ycho r deen 
of interest. a or those of a philosophical persuasion will find ae in Oe ee em f 
Scientific method, a discussion which is all the more ps ge ven Bs s 
o arame nme oe 3 penan y ornen eA foliated further 
It is at once a criticism and a comp! iment to wi oi t had 1 € a 
1 iewpoints. F x attention” is considered in 
the implicati f these fresh viewpoints. For example, “ati s 
a ich is vi } 1 of limited capacity preceded by 
terms of 2 tual system which is viewed as a channel 0} apacity e by 
a pere pE i igi h a of lti-cha | listenin 
a i zes aena of multi-channel Hs g 
a filter. This formulation makes intelligible the phenom | ae 
f ‘ : i É vs a distinc ceptual advantage Over earli 
and the effects of noise and also shows a distinct con! rer 
se Si t ing at a 
formulati i tatements such as “a person can attend to only one th t 
Ribas empor Er act would this formulation 
time.” This is chievement. On the other hand, how wou ll 
A his 1s noO mean achi 5 9 M ih : és deed 
i ins S an those cons! 
Measure up to “attention” as mani fested in situations more complex 
in th 1 & ing” i s ome 
in the book ? Inthe wider context, would filtering” lose its usefulness or even bec: 


® hindrance? Broadbent does not tell us enough about the nature of his “filter” to 
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p m 2 shori 
imi he concepts of “limited capacity channel and the ‘‘shor d 
EDER wall i Pete eee haa before eee tiei oe baie a 
` 5 Rais hort 
will the difficult question of just how information is trans: ae sche sk Baa: 
-term storage. These key concepts are undeniably useful in x p S, 
ae they have S thin them the seeds of verbal pa : oer i A pms — 
ursuing a topic only so far is illustrated again by t ie treatment o p tons, te 
E fter an excellent discussion of order effects in certain immediate memory situat m 
f uestion of order effects in rote-learning is raised but is stopped short at an ing TE 
M AEON of reminiscence as due to “blocks’’ in a vigilance-type task. gee ae eae 
ER have liked to read Broadbent’s fuller views on the factors responsible z Cei 
effects in rote-learning and, particularly, for the difference in order i eon ene 
immediate recall of sequentially unrelated items (e.g. nonsense syllables) and o Hoe 
which are related in sequence (e.g. descriptive phrases in a prose passage). To Ha ai 
this sense of incompleteness is perhaps unfair, for it arises not from a job badly d on ced 
from a job done so impressively well that the reviewer feels Broadbent could hav > eae 
these gaps had he put his mind to it—and that he probably would have done so MS fll 
cast his book into a more hypothetico-deductive form. Perhaps too, asking him naw 
such gaps is asking him to supply more than present psychological knowledge will a sea 
Certainly it is asking that he should have written a book of another kind. So it ey Fa: 
to respond to the rich fare he offers not by asking for more but, rather, by gratituc k, 
receiving so much that is original, illuminating, and indicative of further experime 
a logists- 
In summary, this is a first-rate book warmly to be recommended to all psycho OB an 
Its conclusions are of great interest and will certainly lead to much fruitful discuss! j 
and experiment. Even more important are the lucid summaries of little known or 
and the novelty, ingenuity, and honesty of the viewpoints emerging from the text. Th a 
show that, whatever the future of communication theory, it will have contributed son 
rewarding additions to the conceptual equipment of even the most nonmathematical i 
psychologists. I. M. L. HUNTER. 


The Neurological Basis of Behaviour. Edited by G. E. W. Wolstenholme and Cecilia M 
O'Connor. A Ciba Foundation Symposium. London. J. & A. Churchill Lt» 
1958. Pp. xii + 400. 52s. 6d. 
The purpose of this symposium organized by the Ciba Foundation was to discuss ta 
relationship between neurophysiology and behaviour. The majority of the participan. r 
were scientists working pri 


s marily with neurophysiological techniques, and consequent!’ 
the proceedings have a distinct bias towards neurophysiology. and the behaviour” 
aspects of the subject seem to h 


C | ave disappeared into the background. Modern nevy 
physiology is very much concerned with investigating the functions of sub-cortical ive 
limbic lobe structures, and most of the papers contained in this symposium rev’ al 
around the investigation of these structures. Consequently there is an almost tO% 
neglect of the neocortex. It is also somewhat s 
invited to take part in a Symposium which claim 
a closer understanding of behaviour. 
impression that the 

behaviour. The 


urprising that so few psychologists 
ed to have as its aim the attempt or the 
On reading the proceedings one is left with at 


: . i 2 
get into great difficulties when talking ® ver” 


wi 
„each 


5 jstS- 

i i J ting to the physiolog oct 
it is possible only to mention the few papers which have a a of 

erat to psychology. Gastaut reviews some of the findings on the modificatio® Jex 

igen pease Sa (Pent by conditioning and the changes in conditione To 4 

ace - y cerebral ablation and stimulati the 

of conditioned “closure” stimulation. In an attempt to find 


i the 
P $ he indicates the import i rtion Of is 
reticular formation of the brain, On reading tit on of the thalamic po: t 


S: 1af 
: i A er it seems that perhaps., o 
Hage ir to integrate data obtained from FEAS the electrical activity by 
a Pay body Si Psychological theory. This is further suppor the 
‘ w he recorded the electrical activity of single nerve cells © es. 

cerebral oo of monkeys during the development of Bavlovian Conditioned rel 
h ol geal mae ey with ethology in an attempt to demonstre oe 
physiologi anisms that underlie “a aie Bs ae He disc 

evidence which suggests that The “appetitive phases” of behaviour. F a 


i ; ar tent 
F ra an increase in the adrenaline content of the bloo% acu 
to increased activity of the brain stem reticular formation which in its turn mig? 


(i 
f 


n a a n A 
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in increased exploratory behaviour. Much of this work is speculative, but it does lead 
to certain predictions which could be tested using behavioural techniques. 

Amongst the papers more directly related to psychology, Olds describes his experi- 
ments on “self-stimulation”’ in rats, which have led him to conclude that there are positive 
and negative motivation systems located within the brain and further that the cells of 
the positive system are differentiated into separate anatomical systems sensitive to 
different drives. Richter describes the physiological and behavioural symptoms of 
stress induced in rats by forced swimming in water for long periods of time. His findings 
lead him to suggest that severe stress results in lesions in the central nervous system. 
The forced swum rats have various abnormal cycles of activity and are similar in some 
ways to ‘‘hyperphagic rats.” Richter suggests that the lesions may be in the hypothala- 
mus. However, when this symposium was held no histological data were available. 

Harris, Michael and Patricia Scott describe their beautiful studies of the effect of 
oestrogen on the sexual behaviour of the female cat. They show that implantation of 
stilboestrol dibutyrate into the posterior hypothalamus of spayed cats leads in the 
majority of cases to the full development of sexual behaviour, although the genital tract 
may remain anoestrous. Control implants into other parts of the central nervous system 
and subcutaneously did not result in mating. 

Amongst the other papers Rosenzweig, Krech and Bennett discuss the correlation 
between the brain cholinesterase content of different strains of rats and the “adaptive” 
behaviour of these rats in the Krech Hypothesis Apparatus. Kluver reviews some of 
the recent work on the temporal lobe, and Green reviews work on the rhinencephalon. 
Penfield describes the “psychic” effects which he obtains when electrically stimulating 
the human temporal lobes. Brierley and Elisabeth Beck discuss the effects of destroying 
the dorsomedial and anterior thalamic nuclei in cats and monkeys. They consider that 
the syndrome resulting from complete destruction of the dorsomedial nucleus in the 
monkey is similar to the frontal lobe syndrome. However since there was no detailed 
psychological testing in their study this view can hardly be accepted at the moment. 

There seems to be no unified purpose in this symposium and, apart from a few notable 
exceptions, the majority of the authors have been content with stating their experimental 
findings or reviewing previous work. Only occasionally does anybody go beyond this 
towards expressing new ideas, or indicating what lines of research might be pursued 
most profitably. If I may be allowed to coin a phrase I would suggest that this is 
because at the present time there is no adequate “neuro-behavioural” theory to provide 
lines along which integrated research can take place. Perhaps a development along the 
lines which Gastaut has suggested might fulfil this need. 

Nearly all the work published in this symposium has been published elsewhere, the 
only difference being that each paper here is followed by a discussion. In most cases this 
discussion is inadequate, perhaps because there was not sufficient time provided, perhaps 

s too big. Having gathered together a number of leading 


because the range of topics wa 4 1 à i 
workers in the fields of neurophysiology "ind behaviour, it seems a pity that the opportunity 
J. M. OxBury. 


to discuss the most basic problems was not taken. 


Te dis Buytendijk. Étude fonctionnelle du mouvement 


Attit t Mom ts. By F. 
ae tg Bruges. Desclée de Brouwer. 1957- Pp. 494- 


humain. Préface de E. Minkowski. 
35S- 

Professor Butendijk’s latest wone 5 api 
opening section, he deals with the defni ion ment ae, 
enton of providing a “functional theory” of their nature and organization. (ees 
however this theory is remains somewhat obscure.) Bodily attitudes and locomotion are 
next considered, with special reference to “preferred” attitudes and movement patterns. 
The author then provides a detailed analysis of some typical simple human reaction) 
including blinking, hand-withdrawal, scratching, grasping and the maintenance a 
equilibrium. This is perhaps the best documented and most valuable section of the boo ; 
lt is followed by further sections dealing with expressive movements, the ontogenesis ° 
movement (pre- and post-natal), and some characteristics of movement in childhoga 
Maturity and old age. (Curiously, hand preference and dexterity are scarcely mentione D! 
Typological implications are considered in the final section. f cant 

In many ways this is a valuable and timely survey. Progress in psychological w Si 
has long been impeded by lack of proper understanding of movement, its development, 


organization and modification. i nly cloakedeby 


d of natural history of movements. In the 
and classification of movements, with the 


Indeed our ignorance 1s only too commo 
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the bland use of terms such as “reaction’’ or ‘‘performance,’ which enable us to handle 
the outcome of movement in an experimental setting without troubling about its nature. 2 
Neurologists, too, have been hampered in their analysis of defects of movement, such as 
the apraxias, by lack of agreement as to what really constitutes a movement and how 
movements should be classified. (Indeed a leading neurophysiologist has recently remarked 
that the longer he explores the effects of cortical stimulation, the more uncertain he becomes 
as to what a movement really is.) Although Professor Buytendijk’s work does not clear 
up very much, it at least serves to recall our attention to these basic issues. < 

It is a pity that Professor Buytendijk makes so little reference to experimental studies 
of skilled movement or to the kinds of problem which might be resolved by appropriate 
experiment. Further, his broad and discursive style, together with an irritating penchant 
for Naturphilosophie, may well discourage the experimental psychologist from reading his 
book. None the less, descriptive psychology of this kind still has its value and may well 
suggest new fields for detailed experimental analysis. It is therefore to be hoped that this 
scholarly study will not go unremarked. 


O. L. ZANGWILL. 


Diagnostic Performance Tests. A Manual for Use with Adults. By Boris Semeonoft and 
Eric Trist. London. Tavistock Publications Limited. 1958. Pp. xv + 176. 
32s. net. f 


A high proportion of the data and most of the thinking in this book derive from work 
done during the 1939-45 war, and it represents, historically speaking, one of the first 
attempts to use cognitive tests in a richer and more meaningful way, as an important 
method in the study of personality. 

For the authors, the testing situation is a social one where the psychological resources 
of the tester are importantly involved. Itis a two-way situation and not just a psycho- 
metric assessment. This does not imply that the authors relinquish psychometric checks, 
but that they offer what is basically psychological method, within a background of scien- 
tific method and interpretation. 

The book is a manual for the diagnostic use of performance tests with adults. A 


given briefly, and the development of the 
is described throughout several chapters. 
n i s and other statistical data. Trist pion- 
eered the work at Mill Hill Emergency Hospital. He then became chief psychologist at 
the War Office Selection Boards, and when the organisation of the latter extended into & 
Special Assessment Board of the Inter-Services Research Bureau, Semeonoff became the 
of the material and the techni lected fresh 
data after the war at Edinburgh University, ar <a ea at 
t D , and produce S etg iest 
of me Tavistock Institute of Human Reens, : St Mepresen Anae Soe 
e five performance tests, each occupyi S i s of 
riol € F h Pying a separate chapter, include two tests O 
conorpruan aog (Semeonoff-Vigotsky, and Trist-Hargreaves), an adaptation O 
Ko i8 ock Designs for diagnostic use (Trist-Misselbrook-Kohs), and new treatments O 
es ating Test, and the Carl Hollow Square Test 
_ “olowing the main chapters of the book a A ices whi ine alli ch- 
niques, not in the category of performance tests e nera cee alligo allig a á 


y -+ These were grounded in Service require- 
ments, and are part of hitherto unpublished work from this source. They are includec 


because of their appropriateness to civilian emplo j ts 
- bailarrr aonik y a t, just as th formance test 
are similarly applicable. oah ee ae oe apne aer 
Fire y applicable. The Mitchell V ocabulary Test, for example, is especially inter 
_ The performance tests are fully described, each 
The opportunities given for observation 
are not possible in 
book. 

Because of the fullness of the materi ] 7 i gre 
reader can see what amounts to rch as it io eee aspect of the book is that 
tions are not dogmatic, and 
his own ideas. One might call i 


it a refi i 7 P es f the 
quality associated with the testing anoi AA ia ai amie tear 


li according to its appropriate usage 
and interpretation of individua aviour, wh! 

: ; vidual behaviour, 

group testing, are discussed fully and are indeed a main purpose 0 the 


A > nt of the authors. 
It is not a Hoaks for beginners, but it could be a very important undergraduate and f 
por gradonip ext, and an absolute “must” for anybody contemplating research in ia 
ield. 3 2 


Frorence E, MacNet | 
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CHANGES IN THRESHOLD LEVEL PRODUCED BY A 
SIGNAL PRECEDING OR FOLLOWING THE THRESHOLD 
STIMULUS 


BY 


M. TREISMAN anv C. I. HOWARTH 
From the Institute of Experimental Psychology, University of Oxford 


In a previous experiment (Howarth and Treisman, 1958) it was shown that when a 
warning preceded a stimulus by a fixed interval, the threshold level for the stimulus was 
higher the longer the fixed interval. A model of this effect was proposed, assuming that 
the threshold criterion adopted by the subject at any moment was modified by his 


estimate of the probability of a stimulus at that moment. 
Three predictions are derived and tested. It is found that: the standard deviation 


of the response is constant despite the shifts in threshold induced; the threshold continues 
to fall as the interval from warning to stimulus is decreased to zero, with the lowest thresh- 
old when the warning signal and the stimulus are simultaneous; and that a warning signal 
following the stimulus by an interval of less than 05 to 1 sec. also lowers the threshold. 


INTRODUCTION 

In investigating sensory thresholds a warning, or the regular sequence of the 
ally indicates to the subject when the stimulus is to be expected. 
In a recent paper (Howarth and Treisman, 1958) the effect of a warning on the threshold 
was investigated by varying the interval between a warning and the time of arrival 
of the stimulus, and it was shown that, when this interval varied between I and 9 
sec., the threshold fell as the warning interval shortened. A hypothesis was proposed 
to explain these results, which, shortly, consisted in the following assumptions: the 
subject’s decision can be adequately described as a signal-noise discrimination prob- 
lem (cf. Tanner and Swets, 1954); the threshold is the criterion which the subject 
employs in making these discriminations. The criterion adopted will affect the 
probability of making false positive responses, which depends also on the probability 
of the stimulus occurring at any given moment. If some factor increases this prob- 
ability, the criterion could then be lowered without increasing the number of false 
Positive responses and, if this were done, the detection of threshold signals would E 
more efficient. It was suggested that when the subject knew that the stimulus, i 
Presented, would come at the end of a fixed warning interval, he would alter his 
criterion—-effectively lower his threshold—at the moment he expected the stimulus. 
Since estimation of a time interval is subject to a certain amount of error (which can 
© measured by the variability of repeated estimations of the time interval) ge 
Would appear to the subject to be a varying probability of the stimulus cpa : 
the moments within a range of time about the estimated end of the interval, with the 
ighest probability at this moment. Therefore the threshold would be lowena a, 
Tange of time at the end of the warning interval. Since the absolute variability 
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experiment, usu: 


a 
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The present paper is an account of some further tests of this hypothesis. These 
took the form of testing the following predictions derivable from the hypothesis :— 


(1) As the warning interval increases the standard deviation of the threshold 
judgements will decrease, 


correct) and this maximal lowering will be greater the shorter the warning 
period. Therefore the Tange of the threshold judgements should be greater 
the shorter the interval. In the work cited above (Howarth and Treisman, 


1958) this predicted result was found, but as the extent was not significant, 
it required confirmation. 


(2) The exponential curve found should have a Point of inflection at a short 
positive interval. 


A threshold lowering process shoul 


d have some latency, therefore, at 
warning intervals less than this latency, 


its efficiency would be reduced, and 


(3) There should be no 
stimulus, since at the moment of 
have been activated. 


A description of the experiments will now be given 
their implications, 


to observe any significant relation between length 
f response. 


onstant stimuli” (i.e. T 
te alternated with “blanks” in a sequenc 


Method and apparatus, The a; 
Treisman, 1958), Briefly, į 
Z803U valves. The Subject, 
a white cardboard Screen, 2 
He wore headphones which 
This tone came from a Muirh 


ead audio-osci ae ifier. 
sequence involved in administering © oscillator and Passed through an amplifier. 


Pper neon bul 
one second later by the warnin; es 


first timer. The second timer 
be either I, 3, OF 9 sec, At the 


» in a separate moderately illuminated room, sat 18 in. fromm 
o in. y i 


h he 
his interval was determined bye H 


CHANGES IN THRESHOLD WITH WARNING SIGNALS IZI 


The length and form of the pip were observed on a Cossor Oscillograph. Time intervals 
were recorded on a bank of Decatrons. The subject responded “Yes” or “No” to indicate 
whether he had heard the pip (which was about 30 millisec. in duration) or not. 

The three thresholds were determined in order by the descending method of limits, 
and then again by the method of constant stimuli, with ten weak, ten strong and two blank 
stimuli being given for each interval, The two stimulus strengths, “weak,” and “strong” 
were so chosen, on the basis of the first method of limits determination, as to lie near the 
subject’s 50 per cent. response point. These six determinations were repeated four times 
in the course of a session, which lasted 1} to 2 hr. The experiment consisted of nine 
sessions, four with one subject, five with the other. Two experienced subjects (the 
authors) were used. The order of testing thresholds was 1, 3, 9 in six sessions, and 9, 3,1, 
in three. However, this order had no apparent effect on the results. 

Each session began with one or two “warm-up” runs by the descending method of 
limits, which were discarded from the results. 


Results 

The method of limits. In each session, four estimates of the threshold were deter- 
mined for each warning period, and the mean threshold, and its standard deviation, 
calculated. The average threshold, and the average standard deviation, for the nine 
sessions, were also calculated. 

The method of constant stimuli. In each session, for each warning interval, the 
proportions of the 40 “weak” and the 40 “strong” stimuli heard were converted into 
probits, and the slope of the line through these two points was calculated. The 
stimulus strength corresponding to a 50 per cent. response was calculated and taken 
as the threshold. The average threshold, and average slope, for the nine sessions 
was calculated and the average standard deviation of response estimated from the 


latter, using the formula o = 5 where 0 is the probit regression coefficient (Finney, 


1952). 
See Table I. 
TABLE I 

N o o, 
Warning intervals I sec. 3 sec. 9 sec. 
Method of limits 

Average threshold (db.) 058 068 073 

Average S.D. .. wa 0-069 0'077 0-081 
Method of constant stimuli eA 

Average threshold (db.) a vis a 0°45 0-62 o 

Average S.D. .. ays oe Y só 0164 0'168 0'128 
False positives (percentages) .. a .. T4 2:8 4'2 


ee SS ee 


To determine the significance of these results, analyses of variance were performed 


iati i i i for the g sessions. 
on the standard deviations and the probit regression coefficients, 9s : 
The analyses of variance showed that the changes in the standard deviation with 


different sessions and warning intervals were not significant even at the 20 per cent. 


level. , ae 
Each false positive rate is based on 72 stimuli. 


Experiment 1(b) 

Although the results in the ex 
determined by the method of cons 
I to 3 sec., and then to fall at 9 sec. 
more data, and the following experimen 


periment above were not significant, the S.D. as 
tant stimuli appeared to be constant or rise from 
This effect might have become significant with 
t was performed to check this. 


132 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Apparatus and method. The apparatus was as in the previous experiment. $ ony 
two warning intervals, and the method of constant stimuli, were used. Four stimu ua 
strengths, spaced o-10 db. apart, were used for each warning interval. A run consiste 
of four stimuli at each strength, and four blanks, ordered by reference to random number 
tables. A session consisted of ten alternating runs, five with one warning interval, five 
with the other. The stimulus was a 50 millisec. pip superimposed on the 500 c.p.s. tone. 

In the first part of the experiment (i) the prewarning was 2 sec. and the warning inter- 
vals were 1 and 8 sec. Four subjects each gave three sessions. In the second part (ii) 
two subjects each did two sessions, with the prewarning 1 sec. and the warning intervals 
3 and 6 sec. 


Results 


The sessions for each subject were combined and probit analysis (Finney, 1952) 
and analysis of y* performed to see whether there was any significant departure from 
parallelism of the probit regression lines for the individual subjects, and for the 
experiment as a whole. 

The results of the analysis of x? for each subject, and each part of the experiment 


as a whole, and the thresholds determined for each warning interval and subject 
are given in Table II. 


TABLE II 
Sa EE eee 
Threshold (db.) & S.E. S.D. 
i 2 for 2 5) 
Subject parallelism | d.f. Significance I sec. 8 sec. ae: 
Experiment (i) ’ ms 
Cais rs ++] 0-006 I Por 0°39 + 0o13 | 055 + 0-012 | 0135 
nae s| 0°370 I P>o7 O51 + o-0r2 | 0-55 + 0-012 | œI19 
Ti Fa bee 5454 : Ea ae 0°05 | 0-42 + 0-008 | 0-46 + ooog | 0075 
See ee ss ' "02 > oor | 041 + 0-013 | oœ55 £ 0-01 0'125 
Combined results “6 . 2 35 2 
False Sosius as j oe OASIS GrOUG) | 6-52 07008 per 
(per cent.) 25 4'2 
Experiment (ii) 
: 3 sec. 6 sec. 
ve fe pr gas z p à Or 0'42 + 0:032 | 0:47 + 0:025 | 0199 
Combined results E a Gee ort eee os ya 
False positives oa 5 EG 0'53 + 0°013 | 0°55 + 0-013 | 0157 
(per cent.) 25 215 


t-tests of combined results (taking n = œ) (Thresholds) 
Experiment (i) = 10:39 o-oor > P. 
Experiment (ii) ¢ = 1'339 02 >P >o1. 


x° for heterogeneity is not reported as in no case was it significant, 
Only one ae ect showed any significant departure from constancy of the standard 
pat Ea he experiment as a whole shows no Significant change in the standar 
eviation. 


The standard deviations of the res istributi 5 the 
; 3 ponse distributions are the reciprocals of 
probit regression coefficients. The standard errors, given with h threshold, 
Tees the reliability of the threshold determined from the responses by probit 
analysis. 


Each false positive rate is based on 240 stimuli in part (i), and on 80 stimuli i" 
part (ii). : 


> a 
p 
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Experiment 2(a) 
The aim of this experiment was to determine the shape of the curve between 0 
and r5 sec., and, more specifically, to determine whether there was a point of 


inflection. 
Apparatus. This was similar to that already described. The constant 500 C.p.s. 
tone at 60 to 70 db. S.L. was used, with a 50 millisec. intensity increment as the stimulus. 
Method. Eight subjects were used, each for two sessions. To control for possible 
effects of prewarning, two prewarning intervals were used: half the subjects had an 8 sec. 
prewarning at their first session, and a I sec. prewarning at their second session, and half 


the reverse. 

Thresholds were determined by the descending method of limits at the warning inter- 
vals and in the order 0, 0-3 Sec., 0°6 sec., 0-9 sec., I°5 Sec. Such a series was repeated four 
times in a session. Mean thresholds and standard errors were computed as described 
before (Howarth and Treisman, 19 58), and an analysis of variance performed on the indi- 
vidual thresholds, the factors examined being the effects of Subjects, Prewarnings and 
Warning Intervals. Examination of the results did not show any systematic effect of the 
order in which the two prewarnings were given. Subjects responded verbally, and were 


in telephonic communication with the experimenter. 


Results 


See Table III. 
These results do not show a point of inflection in the curve, which appears to 


continue down to zero. However, this does not completely exclude the possibility 
of a point of inflection lying between o and 300 millisec., the curve dipping and then 
rising as the warning approaches zero, to reach a level similar to that at 300 millisec. 
This point is tested in Experiment 2(b). 


TABLE III 
p RESULTS FOR 8 SUBJECTS IN 16 SESSIONS: MEANS AND STANDARD ERRORS (DB.) 


CoMBINE 


| 
Intervals | 
(sec.) >». o'o 03 | o6 o9 r5 
Prewarning | 
0°66 + œor5 | 0°67 + 0025 o-71 + 0o16 


I i +54 + 0°02. 0°59 + 0'013 
8 Ta PA a E E 0:63 + 0'021 0°64 + 0024 | 0°66 + 0-018 | 071 + 0'023 


Combined 0°58 + 0o15 o-61 + 0013 | 0°65 + 0014 0:66 + 0-015 | 0-71 + 0'014 


ie i o 


ap eho gen af. Variance ratio Significance 
Subjects 7 22:26 o-00l > B 
ee i 59 SBS bos 
sxw 25 1:40 0'2 5 P>or 
k 1:03 >02 
ed ; 6:73 o-oor > P* 
Residual 28 


ce of variability of behaviour between 


i i firms the presen 3 
The analysis of variance confirms p a ae “Une sect of prewarniNg 


different subjects, and the significance of warnin, h BS 

alone is not Y ignificant, but the interaction between prewarning and an A SA 
i i are very S 

nificant. Though the thresholds for the two prewarnings a Se oe ate 


longer warning intervals, they are lower with the I sec. prewarni 
oo atte intervals, than with the 8 sec. prewarmng- A Le Boca 
threshold values at 0-0 Sec- for the two prewarnings gives: t = 1:8084; O 


0:05, 
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Thus there is a suggestion, though it is not significant, of greater lowering at the 
shortest intervals when the prewarning is short. One explanation which would 
account for this, and for the failure to find a point of inflection, is that the curve may 
be partly artefactual, due to the prewarnings acting as warnings and thus obscuring 
an inflection, and giving a steep curve when the time from prewarning to stimulus 
ranges between and 2-5 sec., and a flatter curve when it ranges between 8 and 9°5 
sec. Differences in the use made of the prewarning in this way by different subjects 
would account for the significant Subject x Prewarning interaction. This point is 
tested in Experiment 2(c). 


Experiment 2(b) 
This experiment examined warning periods between 0-05 and 0-30 sec. 


Method and apparatus were as for Experiment 2(a) save that the warning intervals 
used were 0:05, 0-10, 0°15, 0:20 and 0-30 sec. The prewarning was 1 sec. in all cases. 
Four subjects gave two sessions each. In one session for each subject the thresholds were 
taken four times in the order given above, in the other in the reverse order. 


Results 


Since the results for the two orders of administration were not significantly differ- 
ent, they were combined, and are given in Table IV. 
No evidence of a point of inflection is found. 


TABLE IV 
THRESHOLDS: MEAN AND STANDARD ERROR OF MEAN (DB.) 
Intervals 
Géc) ia 0-05 oro O15 0-20 a a 


Threshold | 0-41 + 0-024 


0°48 + 0o21 | 0-50 + 0'021 O51 + 0-017 | 0°52 + 0024 


ee nes es ae 


Experiment 2(c) 


Ina previous experiment (Howarth and Treisman, 1958) it was found that 
warning periods of different lengths given in a randomized order unknown to the 
subject had little or no distinctively different effect. Therefore, in the following 
experiment, the possibility that the prewarning had served as a subsidiary warning 
was controlled by making the prewarning randomly variable over a large range. 

T a com The randomizing apparatus described before (Howarth and 

e m 33 ; use to give a prewarning randomly variable between 2 and 7 Bey 

experiment was identical in design with Experiment 1(b) save that the rewarning 
was variable, and that the two warning conditions were: (i) No F a and (ii) 
Heeler T at zero warning interval. Two subjects ach did three ‘sessions: 
ante. Te S strengths used were: 0-22, 0°33, 0-44 and 0-55 db. The pip wa 45 


Results 


A probit analysis, and an analysi Bee, ; ults 
of the six sessions. The results a is of x? were performed on the combined res 


at egi i 
Each false positive rate is ed on Green V. 
ot Ps eu Fadncen by the zero warning interval is confirmed. phs 
constancy 0 andard deviation Provides further confirmation of Experiment I- 
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TABLE V 
Interval Simultaneous warning No warning 
Threshold and S.E. (db.) -- or ies 0-36 + 0-008 0°46 + 0-009 
False positives (per cent.) .. a ¿3 6-7 8-3 
Standard deviation of response 
I 
=(c=;)- ne i p% aie 0'104 0104 


Aa i a 
ee a 


Analysis of xX d.f. ra Significance 
Parrallelism of regressions ais ee pee I 00032 P >09 
Residual heterogeneity 4 0:8941 P >09 
Total Jè a as on 2s a 5 | 0:8973 P >09 


aia eon A T eS eee 


Experiment 3(@) 

In this experiment an attempt was made to determine the effect of a warning 
following the stimulus (a “negative warning”) and to compare it with the threshold 
curve obtained when the warning preceded the stimulus. 

ects each did four 
sessions. Each session consisted of four series of threshold measurements by the descend- 
ing method of limits. The first neon gave the prewarning, which was followed at a con- 
stant 5 sec. interval by the second neon, giving the warning. The stimulus preceded or 
followed the warning. In the “No warning” condition the stimulus came 5 Sec. after the 
first neon, and the second neon did not go on. In two of each subject’s sessions the order 


was: No warning,—1'5 Sec: (ie. the stimulus—a 5° millisec. pip—preceded the warning 
by 1-5 sec.), —0°5 S&C o, or5 sec. and 15 Sec.; and in the other two sessions the order was 


Apparatus and method. The same apparatus was used. Two subj 


the reverse. 


Results 
See Figure I, curve A, and Table VI. 


TABLE VI 
Interval No warning -r5 —05 | oe o5 r5 
Threshold and | 
an . |0154 + OII 0'49 + o:008|0°49 + ii ikal + Sape + 0010|0:50 + 0010 


this result appears to indicate a fall in threshold with “negative warn- 
ear = he there is a possibility that this- 


ings,” as compared with the “No warning” condition, t 
a a t “positive warning” effect of the prewarning. 


may be artefactual, due to a direc \ 
Further experiments are necessary to exclude this. 


ly between 2 and 7 Sec., when it 


Experiment 3(b) 
rning varied random í 
wed by the warning. 


In this experiment the prew@ 


was followed by the stimulus, which in turn was follo 
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I 
FIGURE 1 


Decibels 


0-50 


0-40 


0-30 


ONS =3 zy] =] 0 


+l 
warning 


, curve B of 3(b), curve C of 3(¢) 
nds is given on the abscissa and 
Standard errors are shown in curves 


— OI sec. to give the curve. The significance of these 
Curve D is similarly derived, differences 
s and the —o-r and —o-5 thresholds in 


ed” series being subtracted from the mean threshold value 
of the “No warning” condition in the three series (see Table TX). 


Method. Two subjects each gave two sessions, The thresholds were recorded by the 
descending method of limits, in the order: No warn 


i in 
i c € Ing, —3 sec., — I sec., —0'5 SEC., % 

two sessions, and in the reverse order in the other two. 
Results 


See Figure 1, curve B, and Table VII. als 
A negative warning effect is shown despite the randomized prewarning interva™: 
Experiment 3(c) 


In this experiment reaction times for th 
—o-5 sec. warning interval, the thres 
warning” condition, this might be bec 


he 
© responses were recorded. If at, Say, NG 
hold was lowered as compared with the nder 
ause a certain number of stimuli which, u 


me 
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the “No warning” condition, might have evoked a negative response with little 
delay, would now give a delay and, after the warning came, a positive response. In 
this case the average RT (reaction time) for positive responses would be increased 
by the addition of a number of reaction times exceeding 0°5 sec. 


TABLE VII 
| 
Interval ..| No warning —30 —1r-0 | —0'5 oo 
Threshold 


and S.E. | 0:49 + 0023 | 050 + 0013 0°46 + 0-010 | 042 +0013 0°38 + 0019 


Method and apparatus. The subjects responded by depressing one of two reaction 
keys. That on the right signalled “Yes” and that on the left “No.” The time from the 
prewarning to the stimulus or warning (whichever came first) was randomized between 2 
and 7 sec. and was recorded on the Decatrons, which also recorded the RT from the stim- 
ulus to the subject’s response. The method of constant stimuli was used, a series for a 
given warning period consisting of four stimuli at each of four stimulus strengths equally 
spaced on a db. scale, and four planks, randomly ordered. Five warning periods were 
used: ‘No warning”, —0°5, —O'I, O and -+-orr sec., three being used in any one session, 
these being ‘‘No warning,” —0:5 and —Oo'I, OF —o-1, o and -+-o-1, in those or the reverse 
orders. Three series repeated five times took two sessions to complete, and four subjects 
each gave 8 sessions. A 43 millisec. stimulus was used. 


TABLE VIII 


16 SESSIONS 


Mean threshold differences (db.) SE. t Significance 
“No warming” —(—0'5) -- .. | 0034 +0010 3°40 ooor > P 
(—o'5) — (—O't) ++ s w 0'009 +0010 0-90 P >03 
| No warning —0'5 —o'l 
a ee eee _ 
Mean RT (sec.) ý 
(positive responses) + ts gs igh GE ee i 
(negative responses) . . sh a one 6s ax 


False positives (per cent.) -- - : 


6 SESSIONS 


Co on, eS ee 
| 


Mean threshold differences (db.) S.E. t Significance 
ES Piet! Se 
: E 
mor ia T te 0:027 +0010 2°70 oor > 
$ a a oa) fo C | —oo14 Foor 1:27 P >02 
—orl warning o +o1 
= 


See ee 


Mean RT (sec.) 0-76 
(positive responses) +- oo se yi E pe a 
(negative responses) «+ es Be os ee 75 Ir9 


False positives (per cent.) . = 
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Results 


cantly lower than at —o-r, and lower, though the difference is not significant, than 


than the reverse, 


Each false positive rate is based on 160 blank stimuli, and the RT’s are based one! 
total of 2,139 positive and 1,354 negative reactions. rr RT’s in the “No warning 
condition which were presumed to be due to false positives (they all exceeded 3 sec: 
in length) were excluded from the calculation, 

The reaction time for Positive resp i 
increases in length, as would be expected. The longest 
the “No warning” condition. This may be partly due to not excluding all long reac- 
tion times due to false positives from this series, or to a difference of “set” between 


Xpected and this one. The first explanation 


No warning” condition). The fgn 
an RT in the “No warning” condition wou 
© —05 sec. warning period for two subjects. 


D Ting” condition, is also shown. er 
ons would be the distribution of all Positive reactions un¢ 


. i Ne 
a crease in the total of por the 
er condition, and that the mean of the distribution © 


a is oe itive 
No warning condition, Suggesting a tendency to delay positi 
responses when a warning was expected, The differe; 


o-or level using the one-tailed binomial test (Siegel, 1956). itive 
Reaction times for the negative Tesponses are uniformly longer than for pre 
responses, even in the o-r condition, it 
However, it could be argued in explanation of these results that in the series Yor 
the “negative warning” interval there might have been an “increase in efor ie 
other change in set, capable of lowering the threshold, but not representing @ © 


4 
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effect of the warning on the decision when a doubtful response is delayed. To meet 
this argument Experiment 3(d) was performed. 


Experiment 3(d) 
This experiment was intended to exclude a general set of any sort as the factor 


determining the threshold level for a series of stimuli under a given warning condition. 
This was achieved by randomly alternating in each series a “negative warning,” 


FIGURE 2 


Number of 
reactions 
40 


30) 
20) 


oor emma | 


a 


t--4 


0-5 10 
Reaction time (seconds) 


2A is based on two of the four subjects from Experiment 3(c). 2B is based on 
mixed series A (“No warning” and “—o-5”) and 2C on mixed series B (“No 
warning” and “o”’) of Experiment 3(d). In each figure the continuous line shows 
the number of reaction times of each duration occurring under the “No warning 

condition (positive responses only are considered). In 2A and 2B this distribution 
has been subtracted from the corresponding distribution of the positive repone 
in the —o-5 condition, and the difference is plotted as a dotted line. In 2C the ag 
warning” positive responses have been subtracted from the ‘‘o’’ responses and the 


difference plotted in the same way. 


i.e. a warning following the stimulus, and the “No warning” condition. The “set” 
at the time of arrival of the stimulus would then be uniform whether or not there was 
a subsequent warning. If the reductions in threshold found earlier were solely due 
to differences of “set” they should disappear in this experiment. If differences in 
“set” between series were present, but not responsible for the threshold differences, 
they should affect both thresholds measured in a given series in the same way. 
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However, even if the differences previously found between the two thresholds meas- 
ured in a series—e.g. under the —o-5 sec. and “No warning” conditions—had been 
caused by a “set” they might be fallaciously reproduced in this experiment if mixing 
two conditions induced a “set” to delay “Yes” responses and change them to “No 
if no subsequent warning occurred, which would raise the “No warning” threshold. 
To control for this possibility, measurements of thresholds under the “unmixed 
condition, as in Experiment 3(c), were also made in some of the sessions. Since 
significant changes in false positive rates might result from changes in the tendency 
to guess in different conditions, these too, were recorded. 


TABLE IX 


— SSS ee ŘŘŘŮ 
Mean 
threshold | 
differences 
(db.) S.E. t Significance 


WITHIN SERIES | 


Mixed series A: No warning and —o-5 | 


“No warning” —“—o:5” es -| 0072 +0016 | 4:50 | ooor >P 
Mixed series B: No warning and o = 

“No warning’ —“o” 0-085 +0-018 4°72 o-oor > P 
Unmixed series 

“No warning’—“—o:5” s sal 0'038 0-014 2°71 oor >P 
BETWEEN SERIES 

No warning (Mixed series A) 

—No warning (Mixed series B) a 0-017 -Lo-o19 0:89 P >03 
No warning (A)—No warning (unmixed) —0-005 +0016 0'31 P Sog 
No warning (unmixed)—No warning (B) | —o-008 +0028 0:29 P>o7 
“0-05” (A) —"o-5” (unmixed) “| —0:032 Joar rsz | P>ot 

—o5” (A)—o .. Pe m g —0o008 | +0:016 | o50 PSO 
Sa a ee ed ee 


j ‘ Unmixed series 
Mixed series (10 sessions) (6 sessions 
A B 
ae 
H No No No o5 
armng| —o5 | warning o warning | -° 
Mean reaction times (sec, pe 
(positive responses on}. 3 6 
False positives (per Eni E ig ry 0°63 0-62 0:63 pee 
s 45 70 0-0 
(200) (200) (200) (200) (40) Uy i 


ethod. Th j i l; 
e consisted of ee Jects did ten sessions, two doing four each and one doing tw® a 
Series of stimuli, each series containing twenty stimuli: four wee 
of two warning conditions, tandomiy oe ae spaced on a decibel scale, oe were 
“No warning” and “Ze ine’ fo cred. In half th ies the condi -< the 
ý Pre (Le. warning and stimulas am iitanedts), and 3 w 


and two at each of three stimu} 
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other half they were: “No warning” and “—o-5 sec.” These series were regularly alter- 
nated. Six of the ten sessions also included one-and-a-half series under the ‘‘No warning” 
condition and one-and-a-half under the ‘‘—o-5 sec.” condition. They were given in the 
following order (and its counterbalanced versions), where A and B represent “mixed” 
series, and Y and Z “unmixed series”: A, B, Y, A, B, A, 4Z, $Y, B, AB; Z AB. 


Results 

Each set of twelve counterbalanced sessions were combined and subjected to 
probit analysis. The difference between each pair of thresholds, and its variance, 
was computed for each subject, and the weighted mean difference for all the subjects 
then calculated, as shown in Table IX. It can be seen that in each of the three 
conditions there is a significant fall in threshold when the warning is present. There 
is no significant difference between the different “No warning” conditions, nor between 
the two “—o'5” conditions, nor between the mixed —o-5 threshold and the zero 
threshold. The three “No warning” conditions were combined to give a value for 
the threshold (0-379 db.) from which the differences found were subtracted to give 
curve D in Figure I. 

The lack of significant differences between the “No warning” conditions excludes 
a “set” raising the “No warning” threshold as compared with an unlowered —o°5 sec. 
threshold in the mixed conditions. i 

In calculating the reaction times (based on 934 positive responses) seven dispro- 
portionately long (above 3 sec.) reaction times were omitted in calculating the reaction 
time for the “No warning” condition in the series where it is mixed with the —0'5 
sec. condition, The number of stimuli on which each false positive rate is based is 
given in brackets after it. 

Figure 2 provides further evidence that the threshold change is produced by a 
specific effect of the warning. The total distributions of positive reaction times in 
the “No warning” conditions of mixed series A and B are given in Figures 2B and 2C. 
In Figure 2B the dotted curve represents the excess number of positive reactions for 
each duration of reaction time when the “No warning” reactions are subtracted 
from the ‘‘—o-5” reactions. In Figure 2C they are subtracted from the “o” reactions. 
In the latter case there is no evidence of the excess being delayed, in the former they 
are clearly delayed. F vor mt: 

Although Figure 2B shows a “negative deflection” for reaction times less than 


0'5 sec., as did Figure 2A, this is not significant at the 5 per cent. level on the one-tailed 


binomial test (Siegel, 1956). 


DISCUSSION 
The results of Experiment 1(a) did not show any significant change in the standard 
deviation of the threshold with variation in the warning interval. The results are 
in accord with the threshold fall with decrease in warning interval previously eek 
(Howarth and Treisman, 1958) which is given by both psychophysical methods be x 
In Experiment 1(b) only one subject showed any significant departure from paralle 
ism of the regression lines. In each part o 


f the experiment, taken as a whole, there 
was no significant departure from parallelism, and therefore no evidence of change in 
S.D. with warning interval. 

This is further confirmed by Experiment 2(c). 
Whole show no point of inflection as the warning 


fall in threshold down to the zero interval. ; 
In Experiment 3 a negative warning effect was shown which could not be attrib- 


uted to set (Experiment 3(4))- 


The results of Experiment 2 as & 
period decreases, but a continual 
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Of these three results the first is the most difficult to assess. It might be that the 
predicted change in the standard deviation of the response was obscured by greater 
sources of variability in the conduct of the experiments, but as the effect, if present, 
should have been fairly large, this is unlikely. Moreover, in making this prediction, 
sufficient attention was not given to the question of the appropriate scale of measure- 
ment. Equal intervals at different points on a linear scale would be unequal on the 
corresponding logarithmic scale. The problem of the appropriate psychophysical 
scale should therefore be clarified before this prediction is considered further. 

It is interesting to note, however, that the assumption of a constant standard 
deviation led Tanner and Swets (1954) to the conclusion that the psychophysical 
scale for light intensity was an integral power function which seems on general 
grounds rather implausible. 

The fall in threshold to a minimum with the simultaneous warning, and the very 
interesting retroactive effect of the warning, suggest that the decision should not be 
considered as uniquely determined by some aspect of the subject’s physiological 
state at the moment of arrival of the stimulus. Rather it seems that inputs can be 
stored until the occurrence of the warning signal, provided the interval is not too 
long, so that both can have an effect in determining the response. 

The relative constancy of the false positive rate as the threshold is lowered, in our 
experiments, as compared with the increased false positive rate when the threshold 
falls in the experiments of Tanner and Swets (1954) and Barlow (1956) suggests that 
the effect of our extra signal is in some way to reduce the noise from which the 


stimulus must be discriminated, most probably by reducing the subject’s uncertainty 
about exactly when the stimulus is likely to occur. 
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P A TEST OF THE NEO-BEHAVIOURISTIC THEORY OF 
EXTINCTION 


BY 


J. A. DEUTSCH and J. K. CLARKSON* 
From the Institute of Experimental Psychology, The University of Oxford 


A test between Moltz’s and Deutsch’s theory of extinction was devised. Animals 
were trained to go to the same goal-box via two different paths. Then they were divided 
into two groups. The first found the goal-box empty, the second found the entrance 
into the goal-box blocked. The choices of the animals on the next trial were observed. 
The results are those predicted by Deutsch. 


Moltz (1957) has recently proposed a Hullian explanation of the facts of latent 
extinction. Deutsch (1953, 1956) has proposed an explanation of these phenomena 
in terms of his own theory. According to the Hullian view, the tendency to repeat 
a response diminishes when it has been executed and its performance has not been 
followed by a reward. Reactive inhibition (IR) and conditioned inhibition (SR). 
are assumed to produce extinction by jointly opposing the reaction potential (S*R). 
However, there are cases in the literature of latent extinction (for instance, Seward 
and Levy, 1949, Deese, 1951). In these experiments an animal’s tendency to 
execute responses leading to a goal is reduced when it is placed in the goal and it is 
shown that this goal no longer contains the desired reward. The responses leading 
to this goal show a tendency to extinction even when they have not been executed. 
Moltz suggests that the reason for this is that antedating goal reactions repeatedly 
occur in the goal-box and, as they are not followed by reward, they suffer extinction. 
As these antedating goal reactions occur as ingredients of the stimulus-response chain 
leading to the goal, they will not be evoked even at the beginning of this stimulus- 
response sequence. If they are not evoked or evoked at a reduced strength, their 
characteristic proprioceptive stimuli will undergo diminution also. Therefore a 
part of the stimulation which normally evokes the responses leading towards the 
goal will be missing and partial extinction will have taken place. J 

According to Deutsch’s theory, extinction does not depend on response evocation 
at all. It is one of the deductions from this theory that extinction is brought about 
by the failure of one stimulus to follow another which has usually preceded it. 
Another deduction is that all the stimuli on the side of the break further from the . 
goal will undergo a diminution in attractiveness; for instance, if food is left out ofa 


goal-box and this is shown to a rat which has been running to the goal-box for this 


reward, then the cues at the beginning of the maze should be affected by this 


j experience. = 
As both Moltz’s and Deutsch’s theories will predict the existing data on latent 
extinction, some independent test of their merits was thought to be desirable. 
Therefore a test of the following form was devised: A maze was constructed with 

two alternative routes of the same length leading to a common goal-box. There 

were doors just past the choice and in the goal-box to prevent retracing. Rats were 

. given a free choice of path and were rewarded by food in the goal-box, whichever 
choice they made. In extinction, two different procedures were used. The first 


* Working with a grant from the Medical Research Council. 
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consisted of leaving the goal-box empty. According to the neo-behaviouristic view 
espoused by Moltz, the antedating goal reaction (r,) should be aroused by the goal-box 
and suffer extinction as reward does not follow. This extinction should affect the 
stimulus-response sequences corresponding to the two routes equally. The 7,-S, 
components of the habits should be knocked out to the same degree in both paths. 
Therefore Moltz’s addition to Hull’s theory should not help us to make a prediction 
and we are thrown back on the orthodox stimulus-response interpretation. 
According to this theory, reactive inhibition will lead to the extinction of a response 
which has been performed unrewarded. Hence the turn which has just been made 
previous to the entry into the empty goal-box should be extinguished, whereas the 
response of going via the alternative route should be unaffected. Therefore, having 
made one response which has been unrewarded, the animal should make the other 
and go via the other equally short route. Hence the neo-behaviourist should predict 
alternation provided that the animal was distinguishing between the two responses- 
Deutsch, on the other hand, would say that both stimulus series had been interrupted 


by the rats’ experience in the goal-box and that therefore alternation should remain 
at the pre-test level. 


FIGURE 1 
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EXPERIMENTAL DESIGN AND PROCECURE 


A simple two-choice maze was constructed from steel segments with paths of equal 
length leading to a common goal-box (Fig. 1). One-way perspex doors were fitted at the 
beginning and end of each path and the floors of the paths were differentiated with cloth 
and paper. The maze was covered in with wire netting. The subjects used were 
nineteen hooded rats (eight male, eleven female) varying in age from 3 to 4 months, with 
no previous experience of experimental situations. All the animals were thoroughly 
tame, having been handled frequently from an early age. 

Each animal, after 22 hr. food deprivation, was given four consecutive training runs 
per day and allowed to remain in the goal-box, where a reward of food was available, for 
20 sec. The time taken to remove the animal by hand and replace it at the beginning of 
the maze was kept constant. Delays at the choice-point were recorded. 


After 8 days training the rats were split up into two groups, A (ten animals) and B 
(nine animals). (Apart from the inclusion of four males in each group the division was 
arbitrary.) For Group A wooden blocks were inserted in both paths just before the 


entrances to the goal-box, and for Group B food was removed from the goal-box to which 
access was still available via the paths. 


Each animal was given four consecutive test runs on the ninth day. In the case of 
the A group rats they were allowed to remain for 20 sec. in the blocked pathway 
Similarly, the B group was allowed 20 sec. in the empty goal-box. After a further 6 days 
of normal training runs a further test was conducted with the roles of the groups reversed. 


RESULTS 


The figures given in Table I indicate the number of animals in each group which 
alternated between the first and second consecutive runs in the two test situations. 
The average number of animals alternating between the first two runs, calculated 
on the total of 14 days training runs, was 8-8 (o = 2:15). It can be seen that the 
number of alternations made when the goal-box is empty does not differ from this 
average figure. 


TABLE I 
Significance of 

Goal-box empty Path blocked difference 

Group A re 3 I0 x? = 7'912: P <o-or 

6 F (Difference in expected 

ii B o J direction but not 
significant) 

Total s: sh 9 17 x? = 5:968:P <o-02 


(Yate’s correction has been applied in the calculation of x? values), 


The cloth flooring in one of the two alleys is responsible for the low ea bs 
SPontaneous alternation. This covering induced a preference for that alley i e 
animals and kept low any tendency to spontaneous alternation. This tendency 
Would have masked the effect which the experiment was designed to show. T 

Delays at the choice-point are listed in Table II, from which it can be ee a 
the Tesults cannot be attributed to influence on the amount of random 


Caused by differences in delay. 
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TABLE II 


DELAYS AT THE CHOICE Pornt on Test Runs 


Delay in seconds 

E/2)3)4/5/6)7) 8 EA 

Before alternation ..}12} 2|/1|/1z1]-—-|-—-|-—|-]-—|-]|2 

Condition A —] = 
(paths blocked) Before same path 

choice .. | aj 2|-|-|-]|-|-{-ļ-]-i-i- 

Before alternation ..| 4/1 ]-/1]21{1/-|-|-| 1] - 

Condition B — aa = — 
(goal-box empty) | Before same path 

choice y el PASi— EE a e e e E a e G 


(If those animals showing excessive delays at the choice-point are omitted in th 
calculation of x? on the grounds that their behaviour is likely to be random, the valu 
of P given in Table I is not materially affected). 


Discussion 


M It seems clear from the results that the neo-behaviouristic theory of extinction 
if it has been correctly interpreted, cannot account for the result and that the pre 
diction from Deutsch’s theory is confirmed. It appears that it is not response: 


which are extinguished. It cannot be argued that i t alternate wher 
the goal-box was left empty because fe. ne boca 


eteen rats alternated, showing clearly he 
ar as the rats were concerned. It may 


ect in one case and a large effect in the other. The eS 
more alike than they are. It could be said, nevertheles 
Ponses would be extinguished in the group with the goal- 


he believes that the antedatin 


point along the alle S. Th d 

reward in the coito, ean nea 
. i % 

be used to explain the present result, though it seems 


Be dnabena Ia Same type of behaviour found in latent extinction studies, it at i 
Trect explanation of extinction phenomena gener the 
results of the A extinction phenomena which Moltz covers, an ing 


t, can be deduced from Deutsch’s theory. ae for 


eA 
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stimulated in turn, each unit was connected only to its two neighbours (except in the 
case of the first and the last). This connection carries excitation from one member 
of the row to the next in turn, so that when one unit in a row is excited, the excitation 
will be conveyed to all the other members (b). When a unit to which a receptor 
structure is attached is excited, the-effector system of the animal will act in such a 
way as to maximize the excitation of the receptor structure attached to the unit. 
The animal will then be attempting to reach a sub-goal (c). However, only the unit 
which is farthest away from the source of the excitation will operate in this way, so 
that only the most distant sub-goal will be sought out (d). 

As soon as another sub-goal nearer to the source of excitation is detected, then 
the unit, to which the receptor structure signalling this sub-goal is attached, will 
cease passing excitation to its neighbour (e). It will thus in its turn become the 
sub-goal farthest away from the source of the excitation, and will therefore be sought 
out. 

The source of excitation is usually a unit first in the row, which is sensitive to a 
physiological factor like dehydration, and to which a receptor structure detecting 
the ingestion of water is attached (f). The messages from this last receptor structure 
act to depress the irritability of this first unit to the physiological factor. 

Each unit in a row has a certain threshold of excitation. This threshold is 
lowered each time the unit is switched off by the cessation of the flow of excitation 
to it (which will occur when a sub-goal nearer the final goal is detected (g)). 

If such a cessation does not occur then there will be a rise in this threshold. 
That is, this unit will be less excitable and so will not be so excited by a given amount 
of arriving excitation and will therefore also pass less excitation on (4). 

This rise in threshold will only occur when the unit is receiving excitation but 
not transmitting it (i), so that it is controlling the effectors of the animal (according 
to d and e). 

If there is more than one row of units excited, then one of the end units of these 
rows which is most strongly excited will control the effectors of the animal if the 
movements are incompatible (j). If they are compatible, both will. . i 

Now in the present situation two rows of units will be found each with the stimuli 
fastened to them in the order in which they occur in the two maze paths. The 
attachments to the first two units in both rows will be identical. The animal will 
detect the same cues (in the identical goal-box) before obtaining food. If the goal- 
the food stimuli will not follow the stimuli from the goal-box. Hence 
the threshold of excitation of the second unit in both rows will rise (by % and J). 
They will therefore pass less excitation on in the future. Hence both rows will be 
affected at the same time and less excitation will be travelling down both the rows. 

Hence there should be no greater tendency to alternate than usual as the 
attractiveness of the two sub-goals at the choice-point should be unchanged relative 


to each other. 
imuli then 
if the stimuli down one of the two arms do not follow each other, 
ea deck jill not be succeeding each other 


cues which are not common to the two sequences W e 
in the usual way. Then the excitation past this break, down one row of units, yr 
be attenuated (h). The, other row of units will be unaffected as no break int e 
Sequence of the stimuli in this row has occurred. Hence the balance will be shifte 


and the animal will choose the sub-goal with the greater amount of excitation 


(accordin, to j). j ) ; 
This fe aa in fact happens in the present experiment (Fig. 2). Such an ee 

tion can also be applied to the type of result obtained by Deese and by Sewan hee 

evy. Deese rewarded rats on one side of a U-maze by giving them food. Af 


box is empty, 
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Condition A. When the animal chooses the path represented by the first row 
of links and the “goal box analyser” is not fired owing to the block at 
X, the threshold of the preceding links will rise and the excitation flowing 
down row 1 will diminish accordingly. Row 2 will remain unaltered and 
hence determine behaviour. Hence the animal should alternate between 
the first and second runs. 


Condition B. Where the “goal box analyser" is fired and the food analyser is 
not fired, the threshold of both links attached to the goal box analyser 
will rise and the excitation flowing down both rows will diminish equally. 
Hence the animal's behaviour on the second run should not differ 
significantly from its behaviour on practice runs. 


he had trained them the rats in the experimental group were placed in the empty 
goal-box for four I-min. periods. These experimental animals, which were after- 
wards allowed to make their own choice, chose the goal-box, where food had prev" 
ously been, a smaller number of times than the control group. The control grouP 
had had no latent extinction training. A break in the order of stimuli in the 8°* 
would diminish the attractiveness of the stimuli leading to this goal. 

The above theory in contradistinction to Moltz’s would predict a much more 
dramatic result in Deese’s situation if both choices in the U-maze or a T-maze w 
rewarded. Then interrupting the sequence of stimuli in one goal-box should ma a 
the animals switch to the other goal-box on the next run. The effect in this situat!? 
should be as large as in the present experiment. Some preference for one Ot, Is 
paths should be induced to minimize spontaneous alternation in the training eS 
Otherwise the tendency to switch should be very high anyhow (according to Deer 
1953, 1956). On the other hand, Moltz would have to treat this situation val 
analogous to the one obtaining in the experiment reported, for the antedating P i 
reactions (7,) in this situation would be the same on both sides of the choice-P% 
This has been shown by Deutsch (1956). 


this 
Our thanks are due to the Medical Research Council whose generous help made 


work possible. 
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REASONING IN THE HOODED RAT 
BY 


J. A. DEUTSCH and J. K. CLARKSON 
From the Institute of Experimental Psychology, University of Oxford 


A problem situation was devised to test Deutsch’s (1956) theory of reasoning. In 
this situation various problems can be set the rat and these problems admit of various 
equally rational solutions. Predictions from the theory were made, not only that the 
animals would solve the problems, but also which particular solution they would adopt. 
These predictions are confirmed. The rats were trained to run to two goal-boxes, one 
near, the other more distant. The near one had two paths of equal length leading to t6, 
the more distant goal only one. After training, the animals chose the near goal-box on 
the first trial of the day. On the test trials the near goal-box was left empty, Or the 


chosen path blocked, or a mesh placed across the goal-box, with the food accessible via 
the other short path. 


It is possible to construct problems such that more than one solution of them is 
rational and admissible. From the results of such tests we can ascertain not merely 
whether an animal can solve the problem but also what the problem is to the animal, 
at least to a limited extent. Apart from the general interest of problem solving in 
animals, Deutsch has recently put forward a theory from which certain deductions 
follow about the behaviour of rats in reasoning or insight situations. From this 
theory it is possible to predict not only whether certain types of problems are soluble 
but also what type of solution will be preferred. To test this theory a situation of 
the following type was devised. A maze is made in which there are two goal- 
boxes. One of these goal-boxes is reached by a single long alley from the choice 
point; the other has two short, equal, paths leading to it. Now the rat is allowe 
on the training trials to go down any alley and it is always rewarded in whatever 
epito: it has chosen, After it has become acquainted with the situation various 
Bro lems are set to it. The first is to leave the near goal-box empty. To solve 

e problem of finding food, the animal must proceed to the other, more distant 
goal-box. The second problem is to block one of the two alleys leading to the neat 


goal-box. To solve the problem of finding food this time, the animal can either 8° 


down the other short 
path to the ne l-box 
i x A E en z i ar goa box, or take the long path. Deutsc 


: d take the other short path. The third problem is tO 
ror a ats mesh barrier across the near goal-box with the food just the other side 
oe esa, so that the animal makes attempts to obtain it without succeeding: 
Fah 3 es oo either take the other short path to the food, or go to the more 

-box. , . : , 
Ae this at Ai eutsch’s theory predicts that it should take the longer path. 


ewh: 

at at variance with co mı 

tion is somi mmonsense expecta 
verification constitutes an Important success for the theory 


EXPERIMENTAL DESIGN AND PROCEDURE 
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om steel segments wi lleys so arrange! 
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receptacles were of different shape. The flooring in one goal-box was perforated zinc 
and in the other paper. One-way perspex doors were fitted at the beginning and end 
of each path. The maze was roofed with wire netting. 


The subjects used were twelve male hooded rats aged approximately 3 months. For 
a period of 18 days they were given three consecutive training runs per day after 22 hr. 
food deprivation. Within 6 days they were thoroughly tame and had lost all fear of the 
experimental situation. All, without exception, developed the habit of choosing one of 
the short paths on the first run of the day, and each animal gained some experience of 
all three paths. No runs were forced. Step 1 was conducted after 18 days: step 2 after 
a further period of 6 days’ normal training runs, and step 3 after an additional period of 
3 days’ runs. 


FIGURE 1 
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d in the short alleys for 50 per cent. of the amec (Group A 

i the animal was removed and replaced at the beginning o: 
ee ee Lag bar from whichever alley the rat had not chosen. If 
this alternative short alley was chosen on the second run, the result was es as 
Correct, For the remaining 50 per cent. (Group 2) food was removed from t go d- bey 
at the end of the short alleys. Animals were removed from Le empty gon bok aag 
Teplaced at the starting-point, after sufficient time had elapsed for exploration. 
Second run was counted as correct if the long path was chosen. 


Wooden blocks were place 


Step 2 
This was a repetition of Step 1 with the roles of the two groups of subjects reversed. 


Step 3 
ivi into two with a wire netting 
B the end of the short paths was divided into tw 
barrier e of these paths the animal cioe hos could gain sity o one 
the goal- d was always on the other side of the wire netting. e 
onoo pane ier EE EEN and made degni attempts t get ae the toed ee 
© i i were replaced at the beginning of the maze. j 
Were used in Soe ond van were scored as correct if the long path was a 
In all three steps, all animals continued their habit of choosing one of the short p 


for the first run. 
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RESULTS 
TABLE I 


NUMBER oF SECOND Runs IN ACCORD WITH THEORETICAL PREDICTION 
S a ee ne mma 


Problem A Problem B Problem C 
(path blocked) | (goal-box empty) | (goal-box divided) 


Group I (six rats) .. xa ee 5 3 4 
Group II (six rats) as aa 4 6 5 
Total successes out of twelve 

possible on each problem gë 9 9 9 


a ee | 
Number of animals succeeding on both Problems A and B = 7. 
Number of animals succeeding on all three problems = 5. 


It can be seen from Table I that the number of successes in the first Step (Group I 
path blocked, Group II goal-box empty) is greater than that in the second where 
the roles of the groups were reversed. Of the four animals who succeeded on the 


TABLE II 
PROBABILITIES OF RESULTS BEING DUE TO HABITS ACQUIRED ON TRAINING 
Runs 
75 per cent. or more successes on Problem A... tai P = 0:000393 
75 ” ” » Bi as Ee P = 0-005096 
75 » » » C w re P = 001977 


first and failed on the second, three failed by repeating their former solution. The 
probabilities given in Table II have been calculated from the probabilities of each 
rat solving each problem. For Problems A and B these individual probabilities 
were arrived at by counting the number of times in 6 days (the 5 days preceding the 
test run and the test run itself) that the animal had run a combination on the first 
and second runs which would have been counted as a correct result on the test ru”: 
(In the case of Problem C calculation was based on 4 days’ runs.) Where goal-box 
alternation was the correct solution to the problem, the probability of a solution 
arising from habit has been assessed on the basis of the number of such alternations 
in the past. Where short path alternation was the correct solution a similar procedure 
has been adopted. This method gives maximum values for P, which would be 
considerably lower if calculations were based on the probability of the particular alley 
chosen on the first run of each test being followed by the alley counted correct 0” 
the second test run. It should be emphasized that the values given in Table I 


represent the chances of the choice of one alley out of three, calculated on the pasis 
of the habits manifested during the training runs. , 


It may be objected (z) that an animal is mo: i ei 
has just been unrewarded, and (2) as we are aihen att eects a particulat 
type of solution, we-ought to test the probability of this solution against the p° ee 
bility of the other possible rational solution. This means that, on both objections, 
we should test the chances of one solution against the other, disregarding the thir 
possibility, that of the animal repeating a run after non-reward. Accordingly» * 


oice which 


NN a a 


by 
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TABLE III 
RECORD oF Past RUNS FROM WHICH VALUES OF P HAVE BEEN DERIVED 


Problem A Problem B Problem C 
(path blocked) (goal-box empty) (goal-box divided) 
Past 5 days’ runs | Test || Past 5 days’ runs | Test || Past 3 days’ runs | Test 
; run run : run 
# y | z | result) x y z |vesult||) x | y z | result 
T: 2 3| 0 x 2 3 | o y glg o z 
2: I 3 I y 5 | 0 o x o 3 o y 
3. o Ti% x 4 o $ x 2 o I x 
4. 3 I I x 3 I I x I I I y 
5. 2 3. | © x 2 ri 2 y 2 j o I y 
6. o 5 | o x I 4 o y I | 2 o y 
7. o 5 o x o 5 o y x | -3 o y 
8. I 4 o x a} S a y o 3 o y 
9. I o 4 x ey oO | 5 x J i S y 
I0. o 4 I y 2 | 3 o y m | 2 I y 
Ir. o o 5 Zz I 4 o y o } 2 I y 
12. 5 o | o x 3 S a g £ | 2 18 i 
Total correct runs o | Total correct runs 9 | Total correct runs 9 


x = short path alternation (correct for Problem A). 
y = goal-box alternation (correct for Problems B and C). 
z = choice of same path (incorrect for all problems). 


Values of P were calculated by multiplying individual P values and adding to this 
figure the probability of any one animal failing, plus any two animals failing, etc. 


we omit z runs in calculating the probabilities in Table II we arrive at the following 
result :— 


TABLE IV 
75 per cent. or more successes on Problem A .. a od 0:0038 
» » » » B ws are ie 0-0208 
» » » » C x žá yis 0:0474 
COMMENT 


h’s theory is thus strikingly confirmed. The experi- 
f objection levelled at the Tolman and Honzik (1930) 
may have been at least a factor. The success 
due to the fact that blocking off of 
he findings of an experiment by 


The prediction from Deutsc! 
ment seems free from the type © 
experiment, where response extinction 
of the animals in solving the problem is probably 
alleys was avoided during training because of t 
Deutsch and Anthony (1958). 

Since the reasoning situation is in man: 
one described by Deutsch and Clarkson (1959) 
Publish elsewhere a full statement of his theory, 
of the experiment will not be given here. 

i rch Council without whose generous support 
Se ies Aon, Clarkson is Dr. Deutsch’s Siistant under a 


it of 
We are also grateful to Mr. J. E- Sco 
d, for his advice on matters statistical and for 


y ways theoretically similar to the extinction 
and since the senior author hopes to 
a detailed deduction of the results 


_ Our thanks are due t 


is work could not hav f 
8rant from the Medical Research Council. 


the Unit of Biometry, University of Oxfor 
S Computation of the data. 
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HULL-LEEPER DRIVE DISCRIMINATION—A CONTROL I5 


on 


THE HULL-LEEPER DRIVE DISCRIMINATION 
SITUATION—A CONTROL EXPERIMENT 


BY 
J. A. DEUTSCH 
From the Institute of Experimental Psychology, University of Oxford 


An experiment was conducted testing the author's explanation of the discrepancy 
between results obtained by Hull and Leeper in a similar situation. Animals were run 
either hungry or thirsty to obtain the appropriate reward by making one response when 
hungry and another when thirsty. For all groups the reward was in the same goal-box. 
The first group (Leeper) had the goal-box divided with each side being accessible only if 
the animal had made the correct response initially. The second group (Hull) had the 
same goal-box for both rewards, but if the wrong path was taken the animal was prevented 
from reaching the goal by a block. The third group had the same goal-box for both 
rewards again, but the animal could reach the goal-box even if the wrong path was taken 
and discovered the unwanted reward in the goal-box. The results confirm the predictions 
made from the author's theory. 


INTRODUCTION 


It is over 20 years since Hull (1933) and Leeper (1935) concluded their studies to 
test whether rats can be taught to make different responses in a constant external 
situation as a result of changes in their motivation only. Hull and Leeper obtained 
widely discrepant findings. Hull found that there was almost no learning in the 
first few months of training, and only about 77 per cent. accuracy in the first 200 days 
of training on the first trials with five trials a day. On the other hand, Leeper’s rats 
attained an accuracy of over go per cent. on the first trials at the end of only 20 days 
with five trials a day. 

To what was the discrepancy due? The situations used were highly similar. 
The animal had to learn to go one way when hungry to obtain food and another way 
When thirsty to obtain water. Leeper states (1935) :—‘‘These experiments involved 
exactly the same procedure and apparatus . . . except that in Experiment IIIC there 
was a double end-box, and on an incorrect run the rat could enter the wrong end-box 
and see the undesired goal material in it before it retraced its steps to the correct 
arm of the maze; whereas in Hull’s experiment and in Experiment IIIA, when a rat 
Tan incorrectly, its steps led it to a closed door which barred its way into the one 
end-box, and the rat had to retrace its steps as though out of a simple cul-de-sac. 
Leeper then goes on to explain the difference between the two groups and comes to 
a conclusion which has been widely quoted and accepted. “Now toa hungry rat, 
it is probably no greater punishment to be turned back by a door (as in Experiment 
IITA) than to be turned back by an end-box containing only a pan of water. Never- 
theless this one difference in the situation seems to make an enormous difference to 
the rate of mastery of the problem. It would seem, therefore, that the rats must 
learn almost as much from their incorrect responses as they do from their correct 
Tesponses,” There are two curious slips 1n Leeper’s reasoning here. he states 
“that this one difference in the situation seems to make an enormous ae 
forgetting that there is another difference which he himself has ey A a 5 

hat in one situation there were two goal-boxes and in the oe only ge i ne Ter 
Strange statement is that “the rats must learn as much from t oo ve ae eee 
as they do from their correct responses. i However, if the sight of the 1 

reward had been the only factor, as he consider 


s it to be, he should have concluded 
Tom his figures that the rats must learn a great deal more from their incorrect 
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responses than they do from their correct responses. (The slip is even more curious 
as on a cognitive theory he could equally well have concluded that the goal-box 


was important.) 


FIGURE 1 


r 


Division for Leeper group 


Blocks for Hull group 


Alley 
width 6” 


Height of 
walls 5” 


Plan of Maze. 


Before we can come to these conclusions on the basis of these experiments, there 
are further controls which must be performed. On the writer’s (1956) theory, the 
divergencies of Hull s and Leeper’s results could have been predicted. According y» 
in addition to repeating Hull’s and Leeper’s experiments, a Control Group Was 
firstly as an independent check to the theoretical interpretation and secondly t° 
ascertain the causes of the behaviour of the rat in a situation, which though simple 
and basic, has received scant attention, A group of rats ae run which was given 
either food or water in a single goal-box depending only on the path taken to the 
goal, irrespective of motivation. Thus each animal woila be presented with ejthet 
the relevant or irrelevant reward on each trial, both appearing p the same goal-b0%, 


$ t 
though never at the same time. In Hull’s experiment, which was also repeated, 


6 


HULL-LEEPER DRIVE DISCRIMINATION —A CONTROL 157 


may be recalled that each animal was only given experience of the goal object which 
was relevant, and this only if it had taken the correct path. If it took the incorrect 
path it was met by a block. In Leeper’s experiment, on the other hand, the animal 
saw either reward whether it happened to be relevant or irrelevant, but always in a 
separate goal-box. 

SUBJECTS AND APPARATUS 

The subjects were twenty-one male hooded rats, 4 months old. These were divided 
into three groups of seven. These were run in a maze constructed out of steel sections, 
and coyered with wire netting (see Fig. 1). For one group (Leeper) the goal-box was 
divided into two by the use of a removeable perspex screen. For the second group (Hull) 
a perspex block was inserted in either one of the arms of the maze, depending on whether 
the animals were hungry or thirsty. For the third group no additions were made to the 
maze except that if an animal ran one way a food cup was immediately placed in the 
goal-box so that it would be waiting for the animal when it arrived, and if an animal 
ran the other way then a water cup would be inserted by the prestidigitatory efforts of 
the experimenter. 

PROCEDURE 

All the animals were treated in the same way. They were maintained on a schedule 
in which they were deprived of water or food in irregular alternation for 23 hr. each day 
for the first 12 days. From the thirteenth to the twenty-eighth day hunger and thirst 
alternated regularly. It is for this period of regular alternation that results are given. 
Each animal was given four trials a day. A trial was counted as correct if the animal 
had not proceeded further than the third turn in the maze. If a correction was made 
spontaneously by the animal before it could see that its choice had led it to the block 
(in the Hull Group) it was counted as correct. This criterion, based on the same point 
in the maze, was adopted for the other two groups. If the animal ran past this point, 
it was not allowed to correct. (Hull allowed his animals to correct, but this was not 
possible here because of the control group which had no blocks.) 

The animals were divided into three groups:— 

(1) The Hull Group. The animals in this group met a block in the final section of 
the square maze if they did not make a response appropriate to their need state (right 
for water and left for food). Otherwise, they were rewarded, hungry or thirsty, in the 
Same goal-box. , , i: 

(2) The Leeper Group. The animals in this group ran to two goal-boxes, made by 
dividing the final length of alley and goal-box by a perspex screen. They were allowed 
to reach either box irrespective of their need state. One goal-box always contained food 
and the other always water. ; 2 . 

(3) The Control Group. This group was allowed to reach the goal-box irrespective 
of its need state and given either food or water depending only on choice of alley. The 
goal-box for this group was not divided nor did the animals meet any blocks. 


RESULTS 
The results are summarized in Table I. 
TABLE I 
aa a nna ia 
ieni Significance Significance 
EEA between H. between C. 
Leeper and H. Hull and C. |Control| and L. | Leeper 
Grib Groups | Group | Groups Group | Groups | Group 
pe f= 0orž 135 |t = 4°44 61 
Beso. oe | eee | ON Is Po 
= 1 t= 41 16 
Errors made on first | 16 |¢= 5°54 5° ee P e B 
trial of the day over P'<œ00I 
16 days 
Proportion of succes- o = 8:93% z I7 33°33% g i 
Sive errors out of = 
total possible suc- 
cessive errors 


ee | ete 
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: 5; 
Figure 2 shows the amount of learning, o first Lae the pe er a : 
i es 
. Figure 3 shows learning measured by percentag ] T 
a Tie bea a here presented in a form which admits comparison wl 
co ; 
the original data of Hull and Leeper.) 
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If we take the total number of c 


iminaty 
orrect choices made on 16 days (after a pt in 
period of 12 days) then the Leeper Group is significantly superior. The anv correct 
this group scored 387 correct against 315 correct of the Hull Group and 313 oint of 
of the Control Group. The last difference is not significant. So from ae Yeoh 
view, Leeper was wrong. Seeing the reward when it is irrelevant does Ra the rat 
help the animal. If we use this criterion of learning, it does not seem “tha 
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must learn almost as much from their incorrect responses as they do from their 
correct responses.” In fact from the present result we might safely conclude that 
they learnt nothing at all from seeing the reward when it is irrelevant. (Of course, 
they do learn something, but this experiment is a bad situation for showing it.) 


FIGURE 3 
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However if we take the criterion of first trials on each day correct the situation 

Changes somewhat. Here the Leeper Group scores 96 trials correct out of 112. 

' The Control Group scores 72, whereas the Hull Group makes only 62 correct first 

Tuns. Here then seems to be some evidence for Leeper’s assertion. But it is 

difficult to accept these figures as evidence of a greater speed of learning in the 

Control Group. The first trial correct score may here be determined by the regularity 

of the alternation between conditions. The Hull Group “learns’ much faster one 

“ach block of trials. This is significant at the 5 per cent. level. This may be show? 
Comparing “total runs correct” for the Hull and Control Groups:— 


‘ \ First trialin day Second Third Fourth 
Ñ 
| Hull Group ~- 62 73 89 F 


f Control Group .- 72 75 84 
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The reason for this is the differential rate of error repetition in the two groups. 
The Hull Group seldom repeats an error. Only in g per cent. of the cases where there 
could be successive errors were these actually made. But for the Control Group the 
figure is 33 per cent. and the difference is highly significant. Again, we must disagree 
with Leeper when he says that “it is probably no greater punishment to be turned 
back by a door than to be turned back by an end-box containing only a pan of 
water.” There does seem to be a large difference due to the two effects. 


Discussion 


While no clearcut decision can be reached if we persist in talking in commonsense 
terms about learning in this situation, it might be instructive to see if a more satis- 
factory view of the experimental results can be gained from a theoretical standpoint. 
For Hullian and neo-behaviourist theory this makes one more of the many very 
simple and basic learning phenomena which it cannot explain. Whilst Hull (1952) 
gives an explanation of the differential utilization of drive cues when these do not 
occur together, on such an explanation we should expect no difference in the rate of 
learning depending on whether the animal runs to separate goal-boxes or to one 
goal-box. Briefly, if an animal is thirsty and it is rewarded by drinking when it 
has turned left, then thirst stimuli in conjunction with others from the maze will 
produce a left turning response. A right turning response to food is produced by a? 
analogous mechanism. Whether the rewards are administered both in the same 
place or in two different places should make no difference on this reasoning (and 1° 
considerable difference even if 7,s and secondary reinforcement are brought in). 
On the writer’s (1953, 1956) theory the results are predictable in considerable detail. 
It is assumed that, as an animal learns, the receptor mechanisms are arranged iñ 
the order in which they are stimulated by the environment, Each receptor mechanism 
and the unit to which it is attached become one in an ordered row of units. a 
od ae a one e row is sensitive to a particular physiological deficit like dehydra- 

nd 1s innately connected to receptors in the mouth and throat which mete 
water intake. When this end unit is excited, the excitation is transmitted to the 
next unit and so in turn to all the units in the row. The last unit in the row which 
is excited will determine what sub-goal is sought, by giving tropistic attraction to 
stimulus which stimulates the receptor mechanism attached to it. However, 0nC? 
a sub-goal nearer the final goal is registered, then the excitation transmitted bY = 
unit which underlies it will cease to be passed on and all cues or sub-goals sarc 
away from it will lose their power to evoke a tropistic response. 


If one unit is not switched off within a certain time by the cessation of trans- 


mission through a unit nearer the final goal, its threshold of excitation will ce 


Thi . 
is means that if cue B does not any longer follow cue A, as it had always et 


then less excitation will pass to the unit underlyin it i animal 
drawn less vigorously to cue A, and causing other Ha leai y mare attractive 
as sub-goals. The cue with a unit underlying it which is more highly excited will b K 
selected by the animal. As excitation is passed from one unit to another, One® © pe 
excitation has suffered attenuation through the raising of a threshold of one ° th 
units which passed it on, it will be passed on in this arenie form. Further, i 
unit and its receptor mechanism is a member of two rows of units simultaneous is 
this excitation will be transmitted through it from one row to the other. r 
ars of Les — ies but should be sufficiently good for an es: 
standing of the explanation which f 3 elsev 
a en ollows. A fuller account is to be found 


$n 
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Now in the present situation the theory, as opposed to Hull’s, would predict a 
large difference between the group which was rewarded in two different goal-boxes 
and the two groups where both choices led to the same goal-box. For the Leeper 
Group, if we consider the learning at and after the choice point, the two rows of 
units to which the receptoral mechanisms were attached can be separately excited 
as no receptoral mechanisms representing cues will be attached to both rows 
simultaneously. Therefore if the row to which the receptors representing the sub- 
goals leading to water are attached is excited when the animal is thirsty, it will be 
only this set of sub-goals which is attractive when the animal is at the choice-point. 


FIGURE 4 


Diagram of theoretical mechanism when animal in Hull or Control Group makes 
wrong choice when it is hungry. 
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Whe i i Control Group find no food, excitation to both rows decreases. 
When ome ae e Hull rons meet a block before the common point, only 


excitation flowing to the end of one row is lessened. 


However, if there is a common point shared by the two paths after the chait 
Point the situation becomes entirely different. Any excitation generated in banoa 
Will be transmitted by the units of the receptor mechanism es pia 
tows, Hence whichever row of units the excitation originates from, it v a 
i the sub-goals on the other row also, so that both sets of sub-goals—those le 


i i cci Hence, though 
Wa ing to food—will be simultaneously excited. 
Pe ace vill not be able to perform. Nor as the 


the ani s »i nse it w 
nimal ve “learnt” in one se l l re i 
Sme stants will it be ever able to manifest learning, which it dos 
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However, this ability may be explained in the following way. There may be 
other features besides those which are common to the two sequences which are picked 
out by the animal when it enters the goal-box. For instance, it will be looking ke 
the goal-box from two different angles as it enters. This would mean that the 
excitation would not be transferred in its entirety from one sequence to the other. 
The proportion transferred from one sequence to the other in this way will remain 
fixed by the proportion of the total number of units in common in the two sequences- 
However, as learning proceeds, the proportion transmitted directly from link to link 
would be expected to rise after each rewarded trial. There would thus be a pro- 
gressive increase of the absolute difference between the competing units at the choice- 
point. The manifestation of learning would therefore be slow. There is some sep 
for this suggestion if we compare the results in the present experiment with those © 
Hull. His animals showed much less learning and it can be seen from the maze he 
used that his maze would not give the animal so much opportunity of seeing the 
final common segment and goal from different angles. 

On the other hand, it must be stressed that his maze was also much larger and a 
greater distance intervened between the reward and the animals’ choice. If this 
was to be shown to be a factor in the situation we should have to explain the rats 
ability to learn in terms of conditional learning. 

So far we have explained why there should be a difference in the speed of learning 
depending on whether there are two goal-boxes or only one. It remains now to 
account for the differences between the Hull and Control Groups. In the Hu 
Group, where the animal comes up against a block, the threshold of excitation ofa 
unit in a row will rise as the usual sequence of sub-goals has not occurred. 
unit is in a part of the row downstream of the excitation reaching it from the common 
receptor mechanism. Hence the excitation transmitted by the common receptor 
mechanism from the other row will suffer attenuation as it travels down the row ° 

units where the “block” occurred. Hence there will be a considerable discrep2°Y 
at the end of the two rows in the amount of excitation and the cue whose underly? 
excitation is larger will be chosen. Hence if an animal in the Hull Group makes 3 
mistake it will be much less likely to be followed by another than in the conti 
Group. „For in the Control Group neither of the rows will be affected differential 
ae mnata after the point where the common receptor mechanism spans 4 ee. 

ierefore the excitation transmitted to the units underlying the cues at the cho} ke 
ied will not alter in its proportion. Therefore the tendency to repeat @ mista 

e much larger and the rate of “learning” within a block of trials much SM® n 
saan bas ae pant, the number of first trials correct after a switch in motivat e 
block í E in the Control Group. For in the Hull Group the experience , tion 
= In the now correct alley will still have some attenuating effect on excit® 
passing down that particular row of units. 

The theory is thus able to 
be asked why the Control Gr 
irrelevant reward. Though 


been shown in other experiments, such as those of Spence, Bergmann and 
(1950), that experience of an irrelevant reward does lead to learning. 


n : . ae ome 
it have not me to learning in this instance? Any such learning would not bec a 
apparent in this situation as can readily be seen by a reference to the theory: ion 
improvement in performance in this situatio: 


cita’ of 
arriving at the units underl ount 
excitation passed owing to 


Predict all the salient points in the experiment. Me e 


oup received no real benefit from its experience Wf has 
Leeper may have been wrong in this instance ia 


shou! 


: n results from a differential e” 
ying the choice-point. Any increment in the am 


ve tO 
nits 
a greater number of reinforcements above the ¥ 
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which the common receptor mechanisms are attached, is of no avail as this excitation 
will merely be impartially distributed to both rows of units through the common units. 

The above series of experiments are complementary to the study of Deutsch and 
Anthony (1958). The theoretical interpretation of the present experiments is 
corroborated by the findings of that study. Some of the considerations explaining 
especially the behaviour of the Hull Group are there tested in a somewhat different 
situation. 
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VISUAL DISCRIMINATION WITH A SINGLE 
MANIPULANDUM FOLLOWING TEMPORAL ABLATIONS 
IN THE MONKEY 


BY 


GEORGE ETTLINGER 


From the Department of Experimental Psychology, Institute of Living, 
Hartford, Conn., U.S.A.* 


The aim of this investigation was to determine what effect variation in the conditions 
of cue presentation and response availability has on the visual discrimination performance 
of monkeys with bilateral inferior temporal ablations. Six animals were trained on one 
of two versions of a test of successive brightness discrimination. Common to both versions 
of this test was the availability of a single lever, manipulation of which in the presence of 
the positive cue constituted the correct response. Performance on this test was compat 
with performance on a pattern discrimination, for which the customary simultaneous 
two-choice procedure was used. It was found that the temporal removals were followe' 
by definite impairment on the pattern discrimination (as expected), but no consistent 
change in efficiency at brightness discrimination could be attributed to the lesions. 
Alternative interpretations, making reference to the amount of pre-operative training On 
the brightness discrimination or the lack of differentiation between the correct am 
alternative responses in this test, are discussed. 


INTRODUCTION 


Monkeys with bilateral inferior temporal lesions are, as a rule, impaired when 
required to select consistently between two formal response alternatives on the Das 
of two dissimilar and concurrent visual cues. It is established that the impairment 
in visual discrimination is not critically dependent upon the dimension along whic 
the cues differ (e.g. size, brightness, hue or pattern), providing that the problem is 0 
appropriate “difficulty” (Mishkin and Pribram, 1954; Mishkin and Hall 1955): ae 
parameter is defined by reference to the performance scores of unoperated animals 
on a given series of discrimination tests. 

The conditions of cue presentation and response availability necessa 
manifestation of this discrimination deficit have not, however, been investi 
systematically as have the cue dimensions. An important exception to the pre 
dominant application of the classical “simultaneous” two-choice procedure qs A 
cues with formal response alternatives are presented to the animal at one time) 15 ye 
study of Pribram and Mishkin (1955). In their experiments only one of the two ct e 
was presented on any given trial. The animal was required to make a given espone 
in the presence of the positive cue and to avoid repeating this response when h 


negative 7 z as saat ae 
egative cue was exposed. Under these conditions (“‘successive” discriminatio” 


post-operative deficit was at least as severe as wi A ae entation 
the same cues. with the simultaneous pr 


for the 
gated as 


* On leave of absence from the Institute of Neurology, Queen Square, London, W. 


M p ae 


È 


VISUAL DISCRIMINATION IN THE MONKEY 165 


dependent on an incremental light source superimposed upon a constant ground and 
with that on a standard simultaneous pattern discrimination. The aim of the 
investigation was to gain a wider understanding of the deficit which follows bilateral 
temporal ablations in monkeys by extending the range of test conditions. 


METHODS 
Subjects 
Six immature and experimentally naive rhesus monkeys were divided at random into 
two groups. Animals T,-T, were subjects in Experiment 1, animals T;-T, in Experi- 
ment 2. Animal T, died following surgery. The animals weighed between 5 lb. 5 oz. and 
6 lb. 12 oz. when testing began. 


Operations and histology 


All animals were given one-stage bilateral inferior temporal lesions on completion of 
their pre-operative training. The surgical and histological procedures have been described 
elsewhere (Ettlinger and Wegener, 1958). Reconstructions of the lesions and representative 
cross sections for animals T, and T; are shown in Figure 1. The lesions in the remaining 
animals are essentially similar. Broadly speaking, the average extent of removal is 
probably smaller than in the study of Pribram and Mishkin (1955), more particularly in the 
posterior direction. 


Apparatus 


For the tests of brightness discrimination, a globe of flashed opal diffusing glass (17}.in. 
diameter) was mounted centrally in a large refrigerator painted white, so that the globe’s 
opening (9 in. diameter) faced downwards. A cage could be placed under the globe and 
was fitted with a movable false floor. When the top of the cage was pulled back a monkey 
could be hoisted into the interior of the globe. A lever and food chute projected for 2 in. 
into the opening of the globe on the level of the false floor when at its highest position. 
At a height of 8} in. above the top of the globe a neutral density grating filter (20 in. by 
20 in.) was installed. This could be silently varied by means of a cable mechanism and 
electrical motor housed in an adjoining room. Three G.E.C. circline fluorescent lamps 
(81 in. diameter, standard cool white; 12 and 16 in. diameters, standard warm white) were 
mounted concentrically against a reflector at 9} in. above the filter, and supplied from a 
constant voltage source. A lens system, using the 16 in. tube as light source, allowed a 
disc of light (fs in. diameter) to be projected through the globe at ro} in. above the 
lever, A shutter, operated silently by cables from the adjoining room, controlled the 
exposure of this incremental light spot. Its luminance could be adjusted independently of 
that of the globe, the former by means of filters in the optical system, the latter by the 


large grating filter. A loud buzzer served to mask all extraneous sounds. à 
Pe <i aineleemenas pattern discrimination a modified Wisconsin General Testing 


Apparatus was used. 
EXPERIMENT I 


Training procedure (see Table 1). 
Pre-operative criterion training. Animals T,-T, were first trained, in progressive stages, 
to criterion on a successive brightness discrimination where two levels in the overall 


umi: Jobe served as cues. Each week the four animals were given 5-6 sessions 

lasting an aroha the globe. The luminance of the globe, measured in its interior, was 
Io foot candles, + 2 per cent. For 30 trials of 8 sec. duration, spaced at random vit 
each session, the Juminance was raised to 73°8 foot candles, + 2 per cent. If the anma 
Pressed the levet 5 or more times during any such 8 sec. period of increased epee 
it was rewarded with one 0-5 gm. pellet of Purina chow passed automatically cone Eee 
food chute Only one pellet was made available, irrespective of the number oe een 
8reater than 5, so that the maximum number of rewards on any one day was 30. Ori 


j > aap zi of go rewards on 
Performance consisted in (a) obtaining at least 81 out of a marioni ee tines per 


re i s, and (b) pressing the lever below an average rat Tae 
Tain. aa et bee of 10 Oe candle luminance on three successive days. oa eas 
ring the p ow, 10 gm. shelled peanuts, 36 gm. orang’ 


Menta; t 30 gm. Purina chi she 
Supplied, oe ey tast a This phase of training lasted 24-3} months. 
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FIGURE 1 


z : F ive 
Reconstruction of the brains of animals T, and T,, together with representativ 
cross sections through areas of cortical damage. Black indicates the ex 

of the cortical removals on the surface views. 


¡mals Were 
First pre-operative parametric run. After reaching criterion all four ani eit | 
immediately started on the first Pre-operative parametric run in which poe (metho 
difference was progressively diminished after each group of four test sears ð era s 
of serial groups). During each daily session of one hour ta the globe is 2P 
luminance was still increased on 30 trials of 8 sec. duration to 73-8 foot can Az n- 3 
cent. The intervals between these 30 trials were randomly varied, but ayore pes was ns 
duration. During the remaining 56 min. of each session the luminance son ne gee sess! ec- 
a given level below 73-8 foot candles and was maintained constant for the fo gsi 


t 
constituting a step. Thus for the first 4 days (step 1) the difference between 
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positive cues (at 73-8 foot candles) and the 2 min. negative cues was 71-1 per cent. of the 
positive cue; on the next 4 days (step 2) the difference was 35-5 per cent.; for step 3 it was 
17°7 per cent.: then 8-8 per cent. ; for step 5 it was 4-4 per cent. and finally (step 6) 2-2 per 
cent. In every case a pellet of chow was provided as reward if the monkey pressed the 
lever 5 times within the 8 sec. period of the higher level of globe luminance. In order to 
avoid extinction of the habit as the brightness difference was diminished to below the 
animals’ capacity, the series was terminated whenever either (a) an animal failed to obtain 
40 rewards out of the maximum of 120 possible during any step, ov (b) the ratio of the rate 
of lever pressing during the total exposure of the positive cue to the rate during the total 
exposure of the negative cue on any step, fell below 3. After failing to meet this criterion 
an animal immediately reverted to the conditions of step 1 for 4 days. 

Pre-operative learning of pattern discrimination. Following completion of the first 
parametric run animals T, and T, were taught to discriminate between two patterns in 
the Wisconsin General Testing Apparatus. The positive cue was a yellow outline square 
(1? in. by 1} in. with sides % in. wide) painted on a grey ground. A yellow cross (rg in. 
across, 7 in. thick), likewise on grey, served as negative cue. Both cues were painted 
on the horizontally placed lids of food containers set 12 in. apart. Thirty trials were given 
each day, using a Gellerman schedule for random left/right positioning of the positive cue, 
a reward of half a peanut and a non-correction technique. The criterion for acquisition of 
this discrimination was go correct choices in 100 successive trials. 

Second pre-operative parametric run. Animals T, and T, were given a second pre- 
operative parametric run, 14 days after learning the pattern discrimination in the case of 
the former, 14 days after completing the first parametric run in the case of the latter. 
Both started with step 1 and continued according to the procedure of the first run, reverting 
after failure once more to step I. 


Pre-operative retention of pattern discrimination. Immediately after completing the 
second pre-operative parametric run animal T, was retrained on the pattern discrimination 
according to the procedure and criterion of original learning. 

Operations. Animal T, was operated on after relearning the pattern discrimination ; 
animal T, after the second pre-operative parametric run, and T, as soon as the first pre- 
operative run was completed. Animal T, died following surgery, having completed one 
pre-operative parametric run and learnt the pattern discrimination. 

First post-operative parametric run. Fourteen days were allowed for post-operative 
recovery and then all three surviving animals were tested on the first post-operative para- 
metric run, The procedure was the same as for the pre-operative runs (no initial post- 
operative training to criterion), except that animals T, and T4 required some help during 
the first session of step 1, but not thereafter. This help consisted in operating the lever 
not more than 20 times in all from outside the box during periods of higher luminance. 

Post-operative retention of pattern discrimination. Animal T, was retrained on the 
Pattern discrimination after competing the first post-operative parametric run. 

Post-operative criterion training. Animals T, and T, were retrained to criterion on the 
Successive overall brightness discrimination after completion of the first post-operative 
Parametric run. The luminance levels and double criterion were the same as required 
immediately before the first pre-operative parametric run. This phase lasted 3-4 days. 

Second post-operative parametric run. Immediately after attaining criterion animals 

2 and T, were tested on the second post-operative parametric run. The procedure was 
the same as on previous runs. 

Initial post-operative learning of patter 
Pattern discrimination when the second pos 


n discrimination. Animal T, was taught the 
t-operative parametric run had been completed. 


RESULTS FOR EXPERIMENT I 


i i ive 
In T. I are presented the thresholds attained by the animals on the success! 
Overall eae F erdrnination. It will be seen that the four animals failed to meet 

7 the first pre-operative parametric run when the difference 1n 


double criterion on f 
i iti i ithin 8-8-22 per cent. © 
luminance between the positive and negative cues fell to within 8 ; n pares 


he lumi f the constant (positive) cue. Both pre-operativ t 
(animals T, and Tp) fall within the same range although the terminal EE 
animal T, is improved. Following operation, the three values for the 

a 5 
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two thresholds for the second post-operative parametric run still fall within the pre- 
operative range. However, two of the three thresholds on the first post-operative run 
(animals T, and T,) are raised by comparison with the last preceding pre-operative 
values for the same animals. 

More detailed results for the same test are shown graphically in Figure 2 for 
animals T,, T, and T,. Along the abscissa in each graph are plotted steps representing 
decreasing differences in luminance between the variable (negative) and constant 
(positive) cues. The values of these differences, expressed as percentages of the 
luminance of the constant cue, have already been given above for each step. A 
logarithmic transformation of the most suitable measure of performance is plotted 
along the ordinate in each graph. This measure is the ratio of the rate of lever 
pressing (per unit time) during the 16 min. total exposure time of the positive cue on 
4 days to the rate of pressing (per unit time) during the 224 min. total exposure 
time of the negative cue on 4 days. A proportional measure was made necessary 
by the tendency of some animals to maintain a high rate of pressing even during 
exposure of the negative cue on the more difficult steps of a parametric run. The 
logarithmic transformation improves the distribution of the ratio values. The range 
of pre-operative performance by all four animals is indicated (by shading) on each 
graph, in addition to the individual Scores on all runs of each surviving animal. 


the total number of lever presses was increased to 2 i the first 
Tun, and accordingly the number of rewards to 53 as re hea i pee Stei (a) 
(at least 40 rewards on any step) was achieved. It is also noteworthy that the scores 
on the second post-operative run of animal T, (but not of T,) are again consistently 
worse than on the first post-operative run. There is then some evidence for pt 


gressively deteriorating performance i i e 
y on successive ri cons 
neurological status. cata 


In comparing the pre-operative with the post-operative ratios, all post-operative 


scores (excepting only those of animal T, on step x and of animal T, on step 2) te 
o 


runs. Moreover the ratio for the second post-operative 


step 4 than on the pre-o erati three 
tecrporal operates ne perative run. It may therefore be concluded that the 


; er 
5 of Experiment 2 in considering the P il 


and T, o t Ge 3 Jane” 
it will be seen that the Tale of oka attern discrimination. From tale his 


test by the three relatively experi 
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ne ie ANIMAL T.2. 

= ——— Ist post-op. run r 
----- 2nd post-op. run 17 


ANIMAL T.I. 


ANIMAL T.4. 


FIGURE 2 


rative performance scores for animals T,, T, and T,. Steps, 

trically decreasing differences in luminance between the 

cues, are plotted along the abscissa. The logarithm of 

f responding during exposure of the positive cue to the 

gative cue is plotted along the ordinate. The 

ance by all four animals (T,-T,) is indicated 
by shading. 
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on the same discrimination). Both animals T, and T, relearnt the pattern discrimina- 
tion in o trials pre-operatively (i.e. Lo or less errors in the first 100 trials). Animal T 
was therefore unequivocally (although mildly) impaired following surgery in view 0 

the 190 trials required to regain criterion. Both of the animals (T, and T, a) tested on 
the simultaneous pattern discrimination thus gave evidence of post-operative impair- 
ment on this test, whereas they scored within the pre-operative range on the successive 
overall brightness discrimination. 

TABLE I 
TRAINING PROCEDURE AND RESULTS ror Experiment I. 
o 


Animals G Ta Ti Tı 
| ree 
Pre-operative criterion training 
First pre-operative parametric run (minimum oy 
luminance difference discriminated) =d 44% 44% 8:83% | 22/0 
Pre-operative learning of pattern discrimina- 
tion (trials to criterion) ore ws x 250 — 280 = 
(14 days) | (14 days) 
Second pre-operative parametric run. . i 4°4% 2'2% — = 
Pre-operative retention of pattern discimina- 
tion sive iy o = = = 
| a 
OPERATION 
(14 diya) ae 
First post-operative parametric run .. 44% 4'4% Died | 88% 
Post-operative retention of pattern dis- 
crimination ag P Wa o 190 | = = 
Post-operative criterion training 
Second post-operative parametric run 44% 44% 
Post-operative learning of pattern discrimina- 
tion "n om a if ay 510 


— Indicates that this sta, 


x to 
e of training was it 2 i Ol ressed 
the next stage exc S g omitted, so that the animal at once prog 


ept where 14 days’ rest intervened. 
-_ EXPERIMENT 2 
Training procedure (see Table II) 
Pre-operative criterion training. 
the same apparatus a: 
a homogeneous field ld serv 


ivi The 
as alternative cues, Five to six sessions lastin i week. p 
F: sting an hour wi ven each we! : 
luminance of the globe was Io foot cre duratio™ 


(in 


or i ec. peri o 
stimulation it was rewarded with one 0:5 gm. pellet of chow. Criterion performance tree 
in. 


i i a 
ut of a maximum of go possible rewards or a 
an average rate of 12 times p This 
on on three successive days- 


6 oe 
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First pre-operative incremental cue sampling. After achieving criterion the test condi- 
tions remained unchanged for both animals during the following 4 days. This 4 day period 
was thought to provide a representative sample of initial post-criterion performance on 
this test. 

Pre-operative learning of pattern discrimination. Animal T; was then taught the 
pattern discrimination under the same conditions as in Experiment I. 

Second pre-operative cue sampling. An interval of 14 days’ rest was allowed to animal 
T; after learning the pattern discrimination and to T, after the first sampling period. Both 
animals were then given a further 4 day sampling period. The test conditions remained 
the same as for pre-operative criterion training. 

Pre-operative retention of pattern discrimination. Animal T, was retrained on the 
pattern discrimination after completing the second pre-operative sampling period. 

Operations. Animal T; came to operation at once after relearning the pattern dis- 
crimination, and T, after the second pre-operative sampling period. 

First post-operative incremental cue sampling. When 14 days had elapsed to allow for 
recovery from the immediate effects of surgery both animals were tested in the globe for 
4 days under the conditions used for pre-operative criterion training. 

Post-operative retention of pattern discrimination. Animal T; was retrained on the 
pattern discrimination after completing the first post-operative sampling period. 

Post-operative criterion training. Following retraining on the pattern discrimination 
animal T; was retrained to criterion on the incremental brightness discrimination under 
the conditions of pre-operative criterion training. This animal required 4 days to meet 
the criterion. Animal T, failed to re-attain the criterion under the same test conditions 
within 30 sessions. 

Second post-operative incremental cue sampling. A final 4 day sample of performance 
Was taken for animal T, as soon as it had attained the criterion. Sessions 26-30 of the 
Post-operative period of criterion training were counted as an equivalent sampling period 
for animal T, (although T, had failed to meet the criterion). 


TABLE II 
TRAINING PROCEDURE AND RESULTS FOR EXPERIMENT II 


Animals Ts Ts 
Pre-operative criterion training 
First pre-operative incremental cue sampling (ratio 
of Senos rates to positive and negative cues). . 6-26 5:28 
Pre-operative learning of pattern discrimination F Ea 
(trials to criterion) .. yt ais as aa oe tne 
Second pre-operative incremental cue sampling 5'06 494 
Pre-operative retention of pattern discrimination. . o — ‘ 
OPERATION 
(14 days) 
| 
i | š ʻI 
First post-operative incremental cue sampling - ‘| 5°36 3 
š iscrimination 210 — 
Post-operative retention of pattern discriminati | pi. a 
| Post-operative criterion training 
i ` 2-18 
Second post-operative incremental cue sampling . | 5°46 
| 


The symbol — has the same meaning as in Table I. 
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RESULTS FOR EXPERIMENT 2 


In Table II are presented the ratios of the rate of lever pressing during the 16 min. 
total exposure time of the incremental light disc (positive cue) on 4 days to the rate 
of pressing during the 224 min. total exposure time of the homogeneous field (negative 
cue) on 4 days. It is noteworthy that the second pre-operative sample is inferior to 
the first for both animals. 

Animal T; gives evidence of improved performance following surgery relative to 
both its second pre-operative sample and to the two pre-operative samples of animal 
T,. On the other hand the performance of animal T, declines progressively with 
continued testing from the level attained during pre-operative criterion training. 
Thus both pre- and post-operatively the second sample is inferior to the first, so that 
the decrement apparent on the first post-operative sample cannot be attributed to the 
surgical procedures with any certainty. Neither temporal operate is therefore 
unequivocally impaired as a result of surgery on the successive brightness discrimina- 
tion requiring selective response to an incremental light exposure. On the other hand 
animal T; shows no saving in relearning the pattern discrimination post-operatively- 


Discussion 


deficit is the only unexpected feature How i ; 
i nex ever, when t ng score 
(227 trials) and their range (150-280 trials) hai het a 


» Simultaneously in another. According se pot? 


than was the pattern discrimination. 
progressively smaller luminance difference (which could be diminished to as li 
rz per cent.) until the discrimination became so difficult that their efficiency “tye 
reduced. Therefore successful performance on the brightness discrimination 
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tee 


VISUAL DISCRIMINATION IN THE MONKEY 173 


temporal operates cannot be plausibly related to either the specific character of the 
alternative cues nor to insufficient test difficulty. 


e as on a simultaneous pattern dis- 
itive and negative cues in the present 


post-operative performance. It is true 
that in Experiment x changes in the “ground” (as used in Gestalt terminolo; 


test session the aspect of the test conditions leading to successful post-operative 
performance at brightness discrimination? In the Successive discrimination of 
Pribram and Mishkin (1955) the formal response (“go and open food cup”) was 


was not available to the animal in between trials. If it was made in the presence 


of the negative cue no further reward was forthcoming (i.e. the positive cue was 
withheld) until the animal ceased 


negative cue, and this accounts for the deteri i 
Tuns and samples. At the same time it might appear that bilateral ablation of the 
inferior temporal region failed to disrupt a visual discrimination in which the formal 
Correct response is not sharply differentiated by the test conditions from alternative 
Modes of behaviour. Looked at in a slightly different way, the animal had less need 
to remember before and after operation what responses ot to make in relation to 
given cues than in the more traditional forms of discrimination. In the pattern 
isctimination the animal was, of course, penalized by lack of reward if it made the 
Otherwise correct formal response (“remove lid”) in relation to the negative cue. 

On the other hand it can be argued (Weiskrantz, personal communication) that the 
800d post-operative brightness discrimination by the temporal operates is the result 
Ol prolonged pre-operative training. This view derives support from the recent 
findings of Chow and Orbach (1957) and of Orbach and Fantz (1958). _ These latter 
authors have shown that pre-operative overtraining (on an easy discrimination 
eliminates the impairment that follows temporal ablations in the absence of over- 

taining, However, the results of Pribram and Mishkin (1955), Mishkin and Hall 
1955) and of Pasik et al (1957) are at variance with this interpretation. For con- 
Iderable pre- or post-operative experience of a discrimination served in these studies 
© abolish the post-operative impairment of temporal animals only on the easy but 
Ot on the difficult forms of the tests. 

The Present results, if confirmed by repetition, would then tend to suggest that 
the demonstration of a visual impairment in temporal operates is limited to certain 
$ itions of testing. It could no longer be supposed that temporal lesions directly 
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interfere with the visual “input” upon which discrimination behaviour is based (an 


interpretation rejected by Pribram and Mishkin, 1955, although still left open by their 
findings). For not only has a change in the “situational” variables (to use their term) 
affected post-operative performance in the present study out of all proportion to the 
difference in the cues employed in brightness and pattern discrimination ; but more- 
over no reliable impairment has been found on the brightness discriminations despite 
their greater difficulty. Instead, emphasis has fallen on the test conditions relating 
to either the amount of pre-operative training or to response differentiation. It might 
be predicted, if the availability of a single manipulandum is the crucial factor, that 
temporal operates would be impaired under the same conditions of cue presentation 
as used in Experiment 1, providing that two levers were made available, the one 
serving to procure reward at a high level of ground luminance, the other at a lower 
level. At any rate the present results might tentatively be taken to confirm the view 
of Klüver (1937) that “in future studies of cortical cases it may seem worthwhile to 
study more thoroughly the rôle of the motor components in visual reactions.” 


I am greatly indebted to Dr. K. H. Pribram for placing all the facilities required 18 
this study freely at my disposal. Dr. J. Wegener gave much of his time to participatio 
in all the surgical procedures, and offered most valuable advice and encouragemen 
throughout. Professor W. Blackwood generously made available assistance for is 
histological preparation of the brains, and Drs. J. Schwartzbaum and L. Weiskrantz 82¥ 
help in the preparation of this paper. 
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SHORTER ARTICLES AND NOTES 


REACTION TIMES TO AUDITORY AND VISUAL 
STIMULATION IN SCHIZOPHRENIC AND NORMAL 
SUBJECTS 


BY 
P. H. VENABLES and N. O’CONNOR 
From the Medical Research Council, Social Psychiatry Research Unit, London 


An experiment carried out to determine the relation between auditory and visual 
reaction times suggested that when the general level of response is slow visual RTs are 
faster than auditory, and that the reverse is the case when the level of response is fast. 
Thus most normal subjects have an auditory RT faster than visual, and most schizo- 
phrenics the reverse. However, the difference between auditory and visual RTs does not 
appear to depend directly on schizophrenic pathology except in so far as this is a factor 
in the general slowness of reaction time. 


INTRODUCTION 


In an earlier study (Venables and Tizard, 1958) it was shown that the reaction 
time of schizophrenic subjects to visual stimulation was shorter than that to auditory 
stimulation over a range of auditory and visual stimulus intensities. 

This reversal of the findings of fourteen studies of normal subjects reported by 

. Teichner (1954) showing auditory RTs shorter than visual RTs was thought to be of 
sufficient interest to warrant further investigation. As Teichner (1954) points out, 
the question of the influence of modality on RT has not in fact been answered in any 
study on the literature in view of the difficulty of comparing stimuli from different 
modalities on the same scale. 

In the present experiment the initial intention was to attempt to find an auditory 
and a visual stimulus intensity which would with normal subjects give equal RTs and 
then to compare the reactions of schizophrenics to these two stimuli. Owing, however, 
to limiting factors this condition could not be achieved and the stimulus intensities 
in fact used were the best compromise possible. While it would have been possible 
to make the stimulus comparison using only a manual response the opportunity was 
taken to use also speech response to the same stimuli. ; A ; 

In summary therefore the aim of this experiment is to examine the influence of 

_ auditory and visual stimulation, and manual and speech response on the reaction times 
of schizophrenic and normal subjects. 


METHOD 
Apparatus and Procedure 


The visual stimulus intensity chosen was one which was the brightest thought to be 
Capable of giving an optimally fast reaction time with schizophrenics in view of the finding 
(Venables and Tizard, 1956) of a paradoxical lengthening of RT with increased visual 
Stimulus intensity after a point of inflexion at around 300 foot-lamberts. The intensity 
of the visual stimulus, a diffusely illuminated circular patch 0-75 cm. in diameter. set in 
a 2 x 2ft. matt black board was 320 foot-lamberts. The lowest auditory stimulus 
Intensity which could be used was limited by the level which could be regularly discrimin- 
ated from the ambient noise level by an amplifier operated voice key which was used to 
indicate both the onset of stimulus and response in the auditory stimulus-speech response 
Condition. The stimulus had an intensity of 60 db. and a frequency of 500 CPS- oe 

uration of both the auditory and the visual stimuli was 200 millisec. The man 
Tesponse was pressure on a telephone type key, the speech response that of saying the 
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llable “bip.” No forewarning was used, a new stimulus was presented once 
pastes oe RTs a measured in millisec. bya “dekatron’’ timer. The cee ang 
duration of stimuli were controlled electronically. The maximum delay due to addi ra 
circuitry in the speech response conditions was 6 millisec. All stimulus intensi i s 
and times were kept constant by the use of a regulated voltage source supplying 
atus. x 

oP nitially each subject made 30 consecutive responses in each condition, but as it ws 
found that there was no difference in mean RT for the first, second and third, ten respons 
the majority of subjects made ten responses only to each condition with a consequen! 
improvement in co-operation. : y andl 

The four conditions: auditory stimulus-manual response (AM), auditory stimu a 
speech response (AS), visual stimulus-manual response (VM) and visual stimulus spect) 
response (VS) were presented in the order of the row of a balanced latin square to eac! 
subject, order effects were thus eliminated over all subjects. 


TABLE I 
MEAN REACTION Times (IN 1/100 SEC.) FOR ALL SUBJECTS ON THE FOUR 
EXPERIMENTAL CONDITIONS 
Active Paranoid Active Non-paranoid 


Schizophrenics Schizophrenics Normals 


AM VM AS _ VS 


AM vM AS VS 


39 32 23 35 
20 28 37 42 
260. 33. 49 53 
32 29 49 5I 
go 48 5f 54 
33 38 33 46 
350m 40 a 66. 73 
49 39 357 48 
40 47 68 72 
62 49 55 56 
63 395I 50 


Withdrawn Paranoid Withdrawn Non-paranoid 8 E 

. . č, 9 3 
Schizophrenics i Schizophrenics s = 57 re 

52 
TM VM AS ys AM VM AS FVS Fi 3 53? 


‘0 
27 33 52 50 32 30 o 5 X27: o 370 4 
a L 8 = b 7 55 X270 32 


34 y 32a 5848 39 6 5 
43 42 83 ga 46 > ar & 
BO anD b 57 53 75 75 61 
71 45 50 54 57 61 48 50 
JI 118 96 65 60 35 57 37 
a eas 6. 59 9% 50 
87 $f, 13 qx 85 59 IIo 76 
97 99 ToL 63 E772 88 ið 
Iol 107 101 86 89 116 116 70 
106 103 Il4 105 gr 47 77 119 


y 
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Subjects 

Forty- chronic schizophrenic subjects were used who were between the ages of 
22 and 56 years and had all been in hospital for two years or more. They were selected 
from larger populations in two hospitals to form four equal sub-groups on the basis of two 
dichotomies: (1) paranoid-nonparanoid using clinical diagnosis as the determinant and 
(2) active-withdrawn using position above and below mid-point on a rating scale (Venables, 
1957) as the determinant. Analysis of variance showed that both the paranoid groups 
(mean age 45:0; S.D. 5°87 years) were significantly older than the nonparanoid groups 
(mean age 37:58; S.D. 7°83 years). There was no age difference between the active and 
withdrawn groups, nor was there any difference in length of stay (total mean 11-95; 
S.D. 10-04 years) between any of the groups. 

Twenty normal subjects taken from the artisan staff from one of the hospitals also 
took part in the experiment. Their mean age was 40-5; S.D. 10-95 years which did not 
differ significantly (t = 0-32) from those of the schizophrenics. 

All subjects were audiometrically screened, no subject was used in the experiment who 
showed a hearing loss greater than 20 db. in either ear. 


RESULTS 
The mean RTs for each subject in each diagnostic group; and for each of the four 
experimental conditions are given in Table I. 
The mean RT for each group and for each condition are shown in graphic form 
in Figure 1. 


FIGURE 1 
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ithin the schizophrenic groups, shown in Figure 1, were examined by 
S a p ea This dhowell thal active schizophrenics were faster bee 
withdrawn (f <o-0o1), paranoid schizophrenics were faster than nonparanoll i 
(b < 0-001), manual responses were faster than speech (p < 0-001) and pan 
stimuli gave rise to faster responses than auditory (p < 0-05). There was a significan 
first order interaction term which indicated (p < 0-001), as evident from Figure 1, 
that the active-paranoid sub-group gave rise to the substantial part of the greater 
speed shown by the active and paranoid factors taken separately. None of the other 
nine interactions were significant. In view of the difference in age between the 
paranoid and nonparanoid sub-groups a correlation was run between age and mean 
RT taken over the four conditions and it was found to be + ooox, indicating that 
age was not a contributory factor to the results shown by the analysis of variance. 
An additional analysis of variance of the schizophrenic data showed a significant 
(p < 0-01) difference in mean RT between the patients from the two hospitals in 


which this experiment was carried out. There was, however, no significant inter- 
action between hospitals and any other vari 


tiable, indicating that the same pattern of 
responses was found in each. 

An analysis of variance carried out on t 
that normals were faster than schizophre 
faster than speech (p < 0-001) 
term which showed that audi visual in the normal 
group, and the reverse in the schi i 


tion of Figure x showed that, although over the whole schizop 
responses (mean R.T. = 0-64 sec i 
(mean RT = 0-6r sec.), there 
level of responding became 
correspondingly slower than 
x ae eemhižed paa apa groups were split at the median values 
eaction times to auditory th 7 2 $ esponse 
condition the division was at i e ea 


0'39/0"40 sec. and fi i i s-speech 
response condition the division phy ae er aan 


was at 0:55/0-56 á 
For the subjects having AM ay 


auditory were shorter than Tesponses to visual stimuli 
reaction times above o.. | 


i 2 40 sec. respon: i R z itor 
stimuli. Similarly, for sats ponses to visual stimuli were shorter than to auditory 


he schizophrenic and normal data showed 


stimuli, For 


action times of o 56 sec. or greater al stimuli 
were shorter than to audito. stimuli. T : Pe Epes LOVENE, ance 
levels shown in Table Il. S Sasae Summarized and signific 


Response Manual Speech 
Subjects with -| AM < 0:39 sec, AM Soo eo, | AS < 0-55 sec. | AS > 0°56 5eC: 
AM VM Difference AM < VM AM > VM AS < VS AS > VS 
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To examine whether this auditory-visual response differential was based on 
presence or absence of schizophrenic pathology the data were examined more closely. 
In the case of the normal subjects taken alone auditory-manual RTs were faster than 
visual-manual (¢ = 3°54 f < 001), and auditory-speech RTs faster than visual 
speech (f = 5°35 Pp < 0-001). However, in the case of the three normal subjects with 
AM > 0:40 sec. the visual RT was in each case shorter and in the case of the same 
three normal subjects with AS > 0°55 sec. the visual RT was similarly shorter. Con- 
versely in the case of the 16 schizophrenic subjects with AM <o-39 sec., 12 had a 
longer visual RT and in the case of 17 schizophrenics with AS < 0°55 sec. 14 had a 
longer visual RT. t 

There is thus suggestive evidence that this auditory-visual response differential is 
not confined to subjects diagnosed as schizophrenics, but is shown more often in 
them because their general level of response is on the whole slower than that of 
normal subjects. The analysis of variance of the schizophrenic data did not yield 
a significant interaction term, which would suggest that visual responses faster than 
auditory or vice versa were characteristic of any schizophrenic sub-group. 

In either the analysis of the schizophrenic data alone or combined with that 
of the normal subjects no interaction term was found which would indicate that 
differences in the RT between manual and speech response could be related to any 
category of subject. A mean value for the difference between manual and speech 


responses was found to be o'I sec. over the total of 68 subjects. 


DISCUSSION 


The findings in this experiment confirm and extend the report of Wells, Kelley 
and Murphy (1921), who for a group of normal subjects show “those with quicker 
time to sound tend towards relatively slower time to light.” Wells and Kelley (1922) 
state that a group of dementia praecox patients have a smaller light-sound ratio 
(i.e. the percentage which light RT is of sound RT) than normal, although their figure 
cent. indicates that normal RT was never shorter than auditory RT. 


of 108 per 

However, with their low mean RT for auditory and visual RT combined of 0:237 sec. 

this would not be expected. } ; ye 
ted must await experimental work, but in this 


Extension of the findings repor 
instance at least there would seem to be evi 
formance from that exhibited by normal subjects to that. 


e evidence of a continuum in a range of per- 
of the frankly schizophrenic. 


The work was carried out in Springfield and Banstead Hospitals by kind permission 
of the Medical Superintendents, Dr. H. C. Beccle and Dr. E. P. H. Charlton. 
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APPARATUS 


A SIMPLE TWO-CHANNEL PROGRAMMING UNIT 
PERMITTING THE CONTROL OF CONDITIONAL 
PROBABILITIES 
BY 
PAUL BERTELSON* AND A. DAVIDSON 
From the Medical Research Council, Applied Psychology Research Unit, Cambridge 


Current research on serial information processing by the human operator has led 
psychologists to interest themselves in Programming devices. Most experiments in 
this field consist of presenting the subject with series of signals at a speed approaching 
the limit of human capacity. It is then no longer possible for the experimenter to 
control the display himself while the subject is working, as is the case for instance in 
many discrete reaction time studies. Some sort of automatic programming device 
becomes necessary. 

The most flexible solution is probably the punched tape Programmer. But that 
sort of apparatus, being rather expensive, is often u i 
laboratories as yet. A more common device is the m 


selector. This has for many purposes the great disady. 
number of them, the same series of sj 


uence of signals. P 
The apparatus to be described, which is based on the use of two 50-position uni- 
selectors, avoids this diffculty by taking blocks of signals alternately from one or the 
eries can be generated. It was designed 


e oth usly changing sı 
primarily to enable the control of first order conditional probabilities among binary 
signals. But the principle can easily be a 


a i pplied to higher numbers of signals anfi 
e t ty achieved, is of interest even when the main concern is no 
with conditional probabilities, 


u np ed experiments on card sorting, to prepare packs of 
cards with known conditional probabilities, Suppose the cards are of two types 
only: black and red, and 


we want to build pack ing matrix 
of conditional probabilities: SE te eae her the folowing 


alb) = b.) = o-75 

Pol?) = b,() = 0-25 
(halb) = Probability of black after black, 
In other words, after each card the chances are 
colour, 1/4 that it will be of the other. W h 
with 3/4 red cards, a “black” pile wi me 
detain Cd gie with 3/4 black cards, and shuffle the cards of 
chosen is the first one in the “ 
in the same pile. If it is black, 


* On visit from the University of Brussels 
ty. d 


ical 
gica 
Laboratory of that Universi: Now returned to the Psycholo 
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colour of the last card. To build a pack with 3 chances out of 4 that the next card is 
different, we put 3/4 black cards in the “red” pile and 3/4 red cards in the “black” 
pile. 

The apparatus simulates this procedure. Instead of red vs. black cards, we now 
have the current which is fed either to relay R, or to relay R,, giving a “left” or a 
“right” signal (causing e.g. a left or a right bulb to light up). To the two piles of 
cards correspond the two 50-positions uniselectors US, and US,. In each position 
each uniselector makes the contact with one of the two signal relays. At each 
moment, the current is sent through one US, depending on which signal occurred last: 
through “left” uniselector US, after a left signal, through US, after a right signal. 
After each signal, the US through which the current will be sent next proceeds one 


step. 


FIGURE 1 


Basic circuitry. 


after left is equal to the proportion of T bie 
i i + cienal is always taken on that US, and the same 
tions on US,, since after left the next vac aie ei Bee ties ot eae e 


for ability of right after right. y A 
pata oi gong of the US contacts to the two signal et e. 
through removable 30-pins plug-in sockets. The meaning” 0 A ee 
thus depends on the wiring of the socket which is used. One = ee iiy me 
statistical properties of the series of signals by replacing the sockets 


in a different manner. 


The basic circuitry is represented on, 
Provide a self-paced task: it is the subject's respons 


i i into a new position. 
of the al and brings the apparatus in d 
is not nkl and it would make no great difference in 


The probability of a left signal 


i i igned to 
ted on Figure 1. The apparatus is designe 
: a e which causes the disappearance 
This feature, however, 
the circuitry if both 


2 A L URNAL OF EXPERIMENTAL YCH zY 
QUARTERLY JOURN o XPERIMENT PSYCHOLOG 
18 


si si d paced task. The uni- 
e external signal, as in a force P ; ‘ 
ee vr ie pla ganas multiple-bank ones modified so as to give runs o 
selectors i l 
i ting themselves. A , 
ad ERE TNR by pressing one of two keys, K, and K,, each of them having 
e 
e break contact. me Sone 
cena en fed through the contacts of US, (the fg of bt ta nil 
i iti f the side-stable polarized relay PR,. is 
US) according to the position o he side-s e ar ee 
he connection is direct. Bu r 
R, and from US, to R,, t r i e e 
he coils of the side-stable polarize y 2 P. : 
and US,-R, pass through t e h Sorger eea 
- Tts position is left or right according to w r A 
left or right. Fiever a right signal occurs on the left uniselector e beai ae i 
, i i ing side-stable this will stay in tha , 
i t through the right coil of PR,. Being side st i 
sca aier the current is interrupted, until a left signal on US, has the reverse effe 


TABLE I 
TYPICAL SEQUENCE OF EVENTS 
] 
US US | 
Position | Coil 
z R 
No.| PR, | US, | US, | US, | US, R | kh | E K, | PR, | Ry | Ra 
= = ked f, =| = 
I L 3 12 + + + eM es 
eal) T 4 1z j 5 a pes = $ Ea L 4 a 
2 L 4 12 + + = + => = R — z 
2! R 4 13 + — — — — + R e 
aj 4) aS 4 13 F + — + = = R |= T 
SE 4 14 + = = = + - R N 
ANER 4 14 BE F + — = = real 
4) L 5 re = - - + = E {+ 


for PR, and PRY, Loa contact to the left; R 


= contact to the right. 
for Ry, Ry, Ry, R; and the coils of US 


E : de- 
ı and US,: + means: energized; — means: 
energized. 
for K, and K,: + means pressed. 
Events to which the example corresponds: 
1: left signal from left US, 3: right signal from right US, 
I’: correct response. 3’: incorrect response, 
2: right signal from right US. 4: left signal from right US, 
2’: correct response. 


4’: correct response. 
When one of the Tesponse keys is pressed, the signal relay is de 
the same time, either R; or R 


-energized and, at 
4 İs energized accordi 
the right position. Thus R 


ng to whether PR, is in the Ei a 
: a+ Means: response to a left signal, and R+: BS 
to a right signal. R and R, have two functions: they control the position of si 
other side-stable polarized relay PR,, and they interrupt the current on the US A 
(USs proceed on a break). When R; is energized, PR, is brought to the left positio” 


if it was not yet in that Position, and US, is pushed one step ahead. 
The operation of the different el 


position of PR, changes; at the mo 


ition Of 
ment of the response to this signal, the positio 
PR, is changed. 
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Special care must be given to the preparation of the basic series, wired on the pro- 
gramme sockets. The apparatus takes alternately one block of left signals plus one 
Tight signal from US left, then one block of right signals plus one left signal from US 
right, etc. (this is true only if the “blocks” referred to can be oflength 0). Thus, the 
number of times the apparatus jumps from US, to US, in one revolution of US, is 
equal to the number of right signals on the left socket, and conversely for the jumps 
US,-US,. If the numbers of jumps in both directions are equal, the same series 
recurs after 100 steps. But if they differ by I, it does not do so before thousands of 


steps. 


FIGURE 2 


ested by Mr. M. P. Atkinson. 


ies i sed of the blocks 

i importance is the fact that the series 1S compo: 
TE Pen ee p thoi the order of these blocks 1s Coens ss 
the overall frequency of each block length (n) an Sakn y po > cra 
of blocks of length #-1 on the programme sockets. irig of E 


i numbers, any © 
le ame een ee the time the same sockets are used. In 


Bie einer eee oe ed pasic series so that the relative frequency 
ted probability- 


i ioni i 
our opinion, the best solution 1 to bui l so tha 
of ath block length deviates as little as possible from its expec’ De 


andom series. 
course, the series will always be more $ 
the main limitation of the principle des 


Alternative circuit sugg 


cribed. 


valuable suggestions and 


ard, who contributed many bie er e ratus. 


Oni 5 
ie starting point for the desig 


Dr. J- r 
Thanks are due to J peor 


Whose ‘‘five choice test” was 
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Note. Mr. M. P. Atkinson, of the Control Mechanisms and Electronics Division, 
National Physical Laboratory, has suggested the alternative circuit appearing on 
Figure 2. This one uses only one ordinary and two double-coiled telays. (As 
Mr. Atkinson writes, “K, might be a relay which is operated by either of the two 
keys in the original circuit.”) The current for the signal bulbs would in this case 
pass through a further break contact of K, and be fed to the left or right bulb through 
change-over contacts of R}. For the functions indicated in the paper, Mr. Atkinson’s 
solution is clearly more elegant. When the automatic counting of error must be 
provided, as will nearly always be the case, a further relay will, however, be needed 


to memorize which signal came last. In our circuit, an error is indicated by the 
combinations K, + R, + and K, + R; +. 
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EXPERIMENTAL PSYCHOLOGY SOCIETY 
Rules 


NAME AND OBJECTS 
I. The Society shall be called “The Experimental Psychology Society.” 


2. The Objects of the Society shall be the furtherance of scientific enquiry within the 
field of Psychology and cognate subjects, by holding periodical meetings at which papers 
v be read and discussions held, and by such other activities as may be decided upon by 
the Sooiaty, and the dissemination of information and educational material made available 
as a consequence of psychological research including the publication of The Quarterly 
ournal Of. Experimental Psychology. The Society shall not engage in any activity 
intended to affect the professional status of its members or of psychologists generally. 
\ 


MEMBERS 


_ 3- Membership is open to persons of sufficient scientific standing, ability and con- 
tinuing interest in the field defined in Rule 2, namely the field of scientific enquiry in 
(4 Psychology and cognate subjects as interpreted by the Society in accordance with these 

ules. 


4. The members shall consist of Ordinary Members, Honorary Members, and Visiting 
Foreign Members, admission to any class being subject to the principle stated in Rule 3 
and all classes being subject to the relevant provisions of Rule 29. 


5. Honorary and Visiting Foreign Membership shall be by invitation only. Honorary 
Membership may be granted to persons (British or Foreign) of outstanding eminence and 
Seniority. Visiting Foreign Membership may be granted, for a period not exceeding one 
year, to persons (British or Foreign) meeting the requirements of Rule 3 and working 
temporarily in Britain, and such persons shall be re-eligible for one further year only. 


(a) The total number of Honorary Members at any one time shall not exceed eight. 
The number of Visiting Foreign Members shall be free of any limit, total or differ- 
ential, unless and until any such limit is imposed by the procedure of Rule 9 (but 
determined independently of any limit respecting Ordinary Membership). 

(b) Except as otherwise stated herein, election to either class shall conform to the 
relevant provisions of Rules 6, 7, 8, 9 and 10, and shall require the same proportion 
of support under Rule 10 as, prior to the said election, is in force for Ordinary 


Membership. iad . ane 

i isiting Foreign Membership may take place at any General Meeting, 

D ee a Horry eee Members shall be elected only by secret ballot at 
an Annual General Meeting. No person shall be presented for election to either 


class without the Committee’s approval. i Be » 
Visiti Foreign Members sha! not e liable to pay any = 

eed sea ea DE aseni during the waea or basas except at the 

ittee’s invitati r to vote. ey sl $ 
Committee’s invitation, and shall not have BOWE ee ne an ae 
and conditions as Ordinary Mem ers, be e O 

ro. rs, to receive any publications issued by the on ane 
Ma: subscribe to The Quarterly Journal of Experimental Psychology at the rates 


applicable to Ordinary Members. 


i 
ADMISSION To ORDINARY MEMBERSHIP 
6. Each Candidate shall be proposed by one Ordinary Member and seconded by at 


i idate, the 
least ore than three Ordinary Members. The names of the Candida: , 
roposer a ie Seconder(e), together with a Seane ot the Candidati s quani a 
experience present work and interests, shall be su mitte: to the Committee n Sess 
thre i the next Annual General Meeting. The Committee shall, not 
oy E e beoe the said Meeting, select those Candidates whom i oe 
Sligible, The names thus selected shall be presented, with an indication ©: 


Mittee’s approval attached, for election at the said Meeting. 


186 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


i i i i h his/her Proposer) 
te not thus selected shall be informed (if possible throug! 1 
PS eee oes be entitled, if again proposed and seconded (not necessarily by the 
same persons as before) to be presented for election at the said Meeting. 


7. A list of all Candidates to be presented for election at a given Annual Keg 
Meeting together with such relevant information as the Committee may decide, ma 
accompany the Notice of the said Meeting, such list and information being supplied to 
Ordinary Members only. 


8. Election to Ordinary Membership shall take place only at an Annual Genera, 
Meeting and shall be by secret ballot of Ordinary Members only. Votes delivered by 


post or by hand shall be accepted if received by the Secretary when (or before) called for 
at the said Meeting by the Chairman. 


9. An Annual or Extraordinary General Meeting previous to the Meeting at which by 
election is held shall determine what upper limit, if any, is to be placed on the number oi 
Candidates elected and what proportion of support is to be required under Rule 10. Each 
Ordinary Member shall be entitled to cast one vote per Candidate. 


to, Candidates shall be elected in the order of their numeric: 
all the vacancies (if limited under Rule 9) have been filled or no 
at least such a proportion of the Ordin 
Rule 9. 


al support until either 
Candidate is supported by 
ary Members as has been determined according to 


OFFICERS AND CoMMITTEE 


11. The business of the Society shall be conducted by a Committee consisting of the 
President, Secretary, Treasurer, 


Editor and seven other members, and it shall have power 
to co-opt two further members, All members of the Committee shall be chosen from 
Ordinary Members of the Society. 


ELECTION OF OFFICERS AND oF MEMBERS OF THE COMMITTEE AND THE EprroriaL BOARD 


12. The President shall be elected for one 
the Annual General Meeting. He/she shal 


13. The Secretary and Tre: 
members. They shall hold o; 
mittee, In addition, the Co 


e 
he Secretary’s approval, and may ? 
rd Secretary” in Rule 11 be deemed to include the said 


I4. Ordinary members 
the Annual General Meetin 


two years. 


p i moa ia pine Committee Shall hold office until the next Annai 
auton ne ey shall be eligible for election as ordinary members OF 
16. The Editor s 


hall be el y for 
a period of four years and shall be raaa Mual or Extraordinary General Meeting ij 
thereafter be ineligibl gible for a fi 


ha 
. u: i ars, but $ 
'ligible for a period of four years. rther period of four years, f 
more than sixteen other sre eal consist of the Editor and of not less than ons T 
f 7 £ e said othi ointe! 
Committee, having regard to the advice of the e dn a for D0 
more than two further successive periods of four years. Anys AR other member who 
served continuously for twelve years shall therey on reti y k ll not again be appii 
until four years have elapsed, P ire and shall not ag 
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18. Nominations for membership of the Committee shall be received by the Secretary 
at least four weeks before the Annual General Meeting. Such nominations may be 
made by any Ordinary Member or by the Committee, and a list of such nominees and of 
their nominators shall accompany the Notice of the said General Meeting which shall be 
delivered to all (and only) Ordinary Members at least fourteen days before the said General 


Meeting. 


SUBSCRIPTION AND FINANCE 


1g. Each Ordinary Member shall pay an annual subscription of two pounds, which 
shall entitle him/her to attend all Meetings (Scientific and General) of the Society and to 
receive (except as may otherwise be decided by the Committee) any publication issued by 
the Society. The Quarterly Journal of Experimental Psychology shall be sent free of cost 
to all Members whose subscriptions have been paid. Subscriptions are payable in advance 
and are due on rst January in each year. If a subscription has not been paid by rst 
April in any year, the Treasurer shall notify the Member concerned; and if, after a further 
reasonable period, the subscription remains unpaid, the Treasurer shall report to the 
Committee, which may take action under Rule 29. 


MEETINGS 


20, General Meetings of the Society shall be designated Annual, Ordinary or Extra- 
ordinary. Annual and Ordinary General Meetings shall be held at such times and places 
as may be determined by the Committee, but in each year there shall be at least two 
General Meetings other than the Annual General Meeting. Scientific Meetings shall be 
organized by the Committee or by someone authorized by the Committee to act on its 
behalf. 


21. The Annual General Meeting shall be held in December of each year or in Jan- 
uary of the following year (or, in case of necessity, at such other time as the Committee 
may determine), At the said Meeting the Secretary shall present a Report and the Treas- 
urer shall present a Financial Statement. 


22. At least 14 days’ written notice of all General Meetings shall be given to all 
Ordinary Members and to such other Members as may, pursuant to Rule 5, be invited to 


attend. 


i ai ti in the absence of 
23. sident shall take the Chair at any General Meeting, or, in t 
the ep se member of the Committee may be chosen by the Committee or by the 
General Meeting to preside. In the absence of the ee ek we Comm s ae ce 
i i cting Secretary for the duration of the said Meeting. © 
ea ei ie Coal Masta shall be one-quarter of the current Ordinary Membership. 


24. An Extraordinary General Meeting may be summoned a any oe ey be Cora 

mittee or (on a written requisition signed by at least ten A inary Men Pet 

Secretary. The Notice convening the Meeting (or, in the a A ovant Pa h me ana 

tion and the Notice) shall specify the resolution or resolutions A e moven ME A A 
usiness other than that arising out of the resolution(s) so specified sha 

‘ansacted at such Meeting. 

i impli Rules or by subsequent Resolu- 

x ise provided or implied by these y R 

tion or vy teen seen Corea or (in case of aee i r a a the Cpo 

i i voted upon show a 1 
à Motion (duly seconded and in order) shall be voi po ah of hands on 


z cae d voting. 5 
ae e ate pace end void ani refer the motion for futher discussion 


Tesult, the Chair declare it n 1 
e man may : id 
nd jor Sok ae or may exercise an additional or casting vote. 
, 


Comrise MEETINGS AND PROCEDURE ak 

i i d places it shall meet. 

26. i shall decide at what times an 2 ee 

absence a ona it shall choose a Chairman from among, > EN 
Members iiedee the Secretary (or acting Secretary) shall constitu 


In the 
Seven 
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VISITORS 


27. Each Ordinary Member may introduce one visitor to the scientific sessions 
associated with any General Meeting. The Committee may introduce visitors, and such 
guests of the Committee may be invited to make scientific communications to the Society. 
The names of visitors and of Members introducing them shall be entered in a book provided 
for the purpose. Visitors shall not be present during the transaction of business except 
at the invitation of the Committee, and in no circumstances shall have power to vote. 


ALTERATION OF RULES 


28. These Rules may be altered, revoked, amended or added to in any manner and to 
any extent at the Annual General Meeting or at any Extraordinary General Meeting 
specially convened for that purpose but notice of the proposed alteration shall be given 


in the Notice convening the Meeting and any such alteration shall require a two-thirds 
majority of those present and voting thereon. 
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BOOK REVIEWS 


A Textbook of Psychology. By D. O. Hebb. London: W. B. Saunders, Co. 1958. 
Pp. 276. 31s. 6d. 

It is my belief that any textbook should be judged in relation to the author’s aims. 
Hebb’s intentions are threefold: to present sufficient information and as many ideas as 
will allow the introductory student to understand psychological problems, to foster a 
rigorously scientific approach to a subject in which it has too often been absent, and 
finally to further an interest in psychology going beyond the first brief course. : 

This accounts for the relative brevity of the book. Many customary topics like 
psychophysics are omitted since they have been adequately described elsewhere. Others 
like psychopathology are surely absent because they cannot be fully and rigorously 
expounded in only a part of a book. But such topics which remain are considered from 
a point of view which should interest all students even if they cannot subscribe to it. 
Concepts like “set” and ‘‘arousal’’ are not only used to explain something else for this 
simply alters the focus of the problem. Instead they are themselves subjected to a 
searching theoretical consideration and it is Hebb’s forte to ask what these phenomena 
must involve in the brain. 

This necessitates a certain amount of knowledge of the structure and function of the 
nervous system and several of the early chapters are devoted to this. It is pleasing to 
find a clear description of the pyramidal system, the third ventricle, and the diecephalon; 
for these and similar terms are seldom defined in psychology. Hypothetical neural 
organization is fairly evenly mixed with accepted facts and fortunately the author 
is at pains to emphasize this at the outset. However, the difficulty still remains of dis- 
tinguishing a legitimate inference from a flight of fancy, or a new idea from an old one 
which is disguised in a new terminology. Not everyone will be satisfied that interaction 
of cell assemblies is more explanatory than association of ideas. 

Considerable space is devoted to the related phenomena of “set” and “attention” 
but unless Hebb somewhere introduces the concepts of inhibition and fatigue then it is 
difficult to see how he can account for all aspects of attention. For Hebb a novel stimulus 
only captures attention if it is very intense or already commands “‘strongly established 
central processes” with a low limen for firing. But this is manifestly not so during 
deterioration of performance at vigilance tasks which occurs despite efforts to concentrate. 
This inadequacy of a hypothetical neural model may explain why many people prefer to 
shun physiological terms completely and talk instead in the language of cybernetics. 
If Hebb believes that his approach is more desirable, and many will sympathise with him, 
then he must at least leave no doubt that it can explain behaviour more satisfactorily. 

Hebb presents a very fair account of various views of reinforcement and offers one of 
his own in which reinforcement consists of a change in the amount of total cortical activity. 
If the latter is at a high level, facilitation and interaction of phase sequences is so great 
that no single phase sequence can gain precedence; an event which reduces the cerebral 
Chaos its a more stable condition of central nervous activity which tends towards the 
conti See f the phase sequence correlated with that event. Hence it is learnt. If, 
on he thee aa Te level of arousal is low then cortical arpa will be poor = 

ose events will be learnt which raise it to a level where a phase poagn ave whi A 

uration in time. We now see that reinforcement may involve drive induction (whic 
hE exrpinin tatast learning), as well as drive reduction and the latter will only be rein- 


Orcin ive is already at a high level. j 
ES “throughout as Dook comparisons are aR nf ttie penar 
anim: ich are too loose to be comforta e, for instance, the sug} 
Sri eae Some misers and chimpanzees which collect food tokens. The oe 
e avio ee appear similar but are the intentions? However, to stress the ioe 
Ortcomings Ot this book would be both captious and misleading. The section on ma nai 
tion heady antl Jearning is full of common sense and eee some a eee a 
i i insight v. trial-and- . 
€Ptions ing the age old topics of nature v. nurture and insig! 3 oie 
The easter StH rement are elementary but do show that it 
chapters on statistics and measureme sior ot 
neces ‘atically sophisticated to be thoughtful. e discu i 
Scientific oe rae to disturb many dualists but none can deny that se ee 
easoned: the oe has managed to combine the vigour of an iconoclast wi 


an ambassador. 
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i i i i ferences are pre- 
ing in mind the special needs of students in large classes the re yi 
CERT to standard readily accessible texts except where the relevant material i 
only be obtained from journals; since not everyone may appreciate his point of be 
fair number of antidotes are included. The chapter summaries are so good that y 
even defeat the author's own heuristic intentions. . 
ate sum up we can say that this book is brief enough to be read as a whole, in no aon 
a student’s mentor it provides an appetising hors d'oeuvres for the individual who w E neg 
to press on and devour the whole of psychology, and finally it succeeds, with mea excep 
i i i z subject to the beginner without insulting his intelligence. 

tions, in presenting a new subjec: g g a ae 


Electronic Apparatus for Biological Research. By P. E. K. Donaldson. London. eu 
worths Scientific Publications. 1958. Pp. xii- 718. 120s, (New York. 
Academic Press Inc. $20.00.) 


The stated aim of this book is to provide both a textbook which begins with first 
principles and a work of reference; this aim has been achieved in very large measure. 


A biologist knowing some physics and no electronics need look no further for a sound 
introduction to electronic techniques. 


Part I deals with principles and basic circuits, 
struction. There is a chapter at the end of the boo 
these two parts the biologist ma 


subjects of filter theory, feedback and transistors, 


Part IV contains information on how to construct a nu i d devices 
3 rmati mber of widely use 
saeh as stimulators and biological amplifiers; circuit diagrams are given atl component 
values. 
Despite its high cost the book can be thoroughl ental 
_ De high l recommended for departm 
libraries where it will remain a valuable source of ee A i SE a long wie, 


A. M. UTTLEY- 


Psychopathology: A Source Book. Edit 


d 7 a Aes aS. 5 
Tomkins. Harvard T ed by C. F. Reed, R. E. Alexander an 


Press. 1958. Pp. 804 + xii. Price £5- 


pathology and the 
sions which led to 
University, to a detailed 


descripti ; 
caed wih hallucinogenic ae of the errors in web 


f 


5 : ing facts about this volume is that it j iking example $ 
i t triking ex 

the ee ee Psychology. Forty-four of ea pap werik 

North American hemisphere, eae three of the contributions come from outs! 
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Sometimes these latter qualities seem to predominate, and it is fair to say that the 
scientific standard of the contributions is uneven and that some of the apparently well 
; documented facts are very much under suspicion. Itis thus a pity that there is no evalua- 

tion of any of the contributions though it must be admitted that this would have made the 

work even larger. These criticisms are minor ones and the reviewer readily confesses 
that he has thoroughly enjoyed reading many of the articles here brought together. 

Some of these he would, in the absence of the present work, almost certainly have never 

seen, One final comment, the price is high. Few English students will be able to afford 

this book, but it deserves a place in the library of any department in which psychopath- 
ology is taught. 
ALICK ELITHORN. 


The Measurement and Appraisal of Adult Intelligence. By David Wechsler. Fourth 
edition, Pp.ix + 297. London. Bailliére, Tindall and Cox, Ltd. 1958. 4os. net. 


Wechsler’s Adult Intelligence Scale has found wide application in this country. Although 
no new principles underlie its construction, the Scale incorporates much that is best in 
the earlier intelligence tests and has the inestimable advantage of being fully standardized 
in relation to age. The principal changes in this edition are a new chapter on the factorial 
composition of the battery and a comparative analysis of the 1939 and 1955 standardiza- 

| tions. The sections dealing with the effects of brain damage and related clinical problems 
have been expanded and largely re-written. There is an extensive bibliography. 


i 


Although the theoretical assumptions governing this (as indeed every other) method 
of measuring intelligence have not been accepted by everyone, the usefulness of Wechsler’s 
Scale as an empirical tool can hardly be challenged. In the clinical field, especially, it has 
fulfilled a very real need. One may therefore welcome warmly this new edition of an 


extremely useful text. 
O. L. ZANGWILL. 


Allgemeine Psychologie. By Th. Erismann. Sammlung Göschen Band 831. Berlin. 
Walter de Gruyter & Co. 1958. Pp. 146. DM. 2.40. 


4 This scholarly little book provides a general introduction to psychology within the 
| German philosophical tradition. Itis concerned with such topics as the nature of sensation, 
the structure of perception and action, and the body-mind relation. Professor Erismann 

has also something to say about psychoanalysis and the relations of psychology to ethics 
andlaw. Unfortunately, his account does scant justice to modern experimental psychology 

or to lines of psychological interest current outside Germany. The reader must therefore 

ng those of the German language. None the less, 


i ies transcendi: s 
E pared nOr AE eter a brave and thoughtful restatement of some basic 


this little book deserves attention as 
Psychological issues. o if eee 


i i -Wolf- 

i. i i ihe des Psychologischen Instuts der Johann. 

Pevehologische A roel yersitat zu, Franklurt am Main herausgegeben von Prof. Dr. 
Edwin Rausch. 

I. Zur Problem der Sensumotorik. By Dr. Kurt Kohl. = aa soe me x 

Mengenvergleich und Übung. By Dr. Egon Becker. 2 a a an R 

Über die Rolle der Bezugsbereiche bei der Lokalisation. By Dr. Isu 4 


Pp. 62, 1957 DM5. 
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Sumably adjudged worthy of the Ph.D. degree and of subsequent publication. 


Testleistung. By Dr. Manfred Sader. Pp. III. 
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Although original and scholarly, one can detect in these studies little influence of the 
newer ideas current in Anglo-American psychology, more particularly information theory 
and its derivatives. There is also little sign of any radically new outlook—far rather a 
rediscovery of Gestalt theory and related approaches influential here twenty years ago. 
Yet one has the feeling that German psychology is once again on the move and may yet 
regain much of its traditional standing. These simple, yet thorough, experimental studies 
should certainly be read by specialists in their respective fields and may well stimulate 
useful inquiries. Professor Rausch has been fortunate in his research students and 
deserves commendation on his enterprise in securing publication of their work. 


O. L. ZANGWILL. 


THE QUARTERLY JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


> 


Vol. XI 1959 ; Part 4 


, 


EVIDENCE OF A SINGLE-CHANNEL DECISION 
MECHANISM LIMITING PERFORMANCE IN A SERIAL 
REACTION TASK* 


“ BY 


A. T. WELFORD 
From the Psychological Laboratory, Cambridge 


An experiment is described in which the subject sat facing a display of two neon 
bulbs. When the left-hand bulb lit he pressed a key under his left hand, and when the 
tight hand bulb lit he pressed a key under his right hand. The left-hand bulb gave 
brief flashes at random intervals averaging about 4 sec. The right-hand bulb gave a 
brief flash at regular intervals of about 4 sec. 

The experiment repeats (the author believes for the first time) certain essential con- 
ditions of Vince’s (1948, 1950) experiments and, following detailed scrutiny of every 
Pair of responses, is taken as evidence for the following statements :— 

(a) The response to a signal arriving during the reaction time to a former signal will 
be delayed by an amount approximately equal to the time elapsing between the 
arrival of the signal and the end of the reaction time to the former signal. 

(b) An exception to this may occur when two signals arrive close together. In this 
case the two signals may be responded to as a single group. 

(c) Delays can be occasioned by the monitoring of responses as well as by reactions 
to signals. 

(d) “Grouping 
the beginning o 

A survey is made of cu 
Tesearch. 


» of signal and monitoring may occur when a signal arrives close to 
f the movement made in response to a previous signal. 


rrent theories in this field and suggestions given for further 


INTRODUCTION 

ribed here was suggested by a conflict of fact between 
and of Davis (1956). Both l miiy ths oe ceri 
that i i action (S2) followed closely upon another (Sr), the response to 
52 ae ‘anger oe was normal for a signal well separated from others 
in time, Davis’s results indicated that delay occurred when S2 arrived during a 
Period about equal to the reaction time of SI (i.e. TR1), but not if it arrived ar 

ince’s results, however, showed that substantial delays also occurred when 52 
arrived during or shortly after the movement (Mz) made in response to the ae 
Signal. The facts ascertained by Vince were incorporated, along with others in 


theo 2) that the delays were due to a “single channel” somewhere 
Bice OV ora, "88 Which could be occupied either by dealing with 


The experiment to be desc 
the work of Vince (1948, 1950) 


€ subject’s central mechanisms 
* Based on a Contribution to the Symposium on “The Psychological EN 
Periog” held at the EPS Meeting in London, January, 1959. 
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i ide or by monitoring the subject’s responding movements—a 
Lr E ea a would almost inevitably occur. It sna 
that the channel dealt with “items” in the order of their arrival to the extent i r 
if S2 arrived before the end of TR1, it was dealt with as soon as TRI ers a 
but that if Mz had started before S2 appeared some monitoring of Mr ha z 
completed before the single channel began to “process” the information from ry 4 

Davis’s conclusion that no delays occurred when S2 arrived after the a Z 

TRTI has been supported by Marill (1957). Vince’s results have been supporte: E 
Davis’s own later work (1957), by Elithorn and Lawrence (1955) and by Eras i 
1957). The interpretation of all these results is in some doubt, however, becaus “a 
delays occur due to the monitoring of Mr, we should expect them to bear so A 
relation to its duration, but this, since Vince’s work, has never been m 
Interpretation and analysis have, indeed, been excessively difficult in all the e, 
previously reported, because much of the theory has been couched in terms of ¥ 
time at which S2 arrived in relation to TRx or MI, but the results have been analyse 
in terms of the time between Sr and S2. If TRI is variable in length, as it always 


is, there is thus a zone of intervals between Sr and S2 over which it is uncertain 
whether S2 arrived before or after the end of TRr. 


A further possible complication arises 
which a whole series of signals were 
work has all been done with discrete 


because Vince used a continuous task in 


expected if there was no delay sagen 
e lurking suspicion remains that a 
nce with discrete pairs of signals that is 
For example, he may, if he knows ee 

efer monitoring his responses until bo 


from the observed TRI. 
subject may be able to achieve a performa: 
cannot maintain with a continuous series. 

only going to have two signals, be able to d 
signals have been dealt with. 


Nevertheless thi 
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apart. Under his hands were He was instructed that when the Je 
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average reaction times are shown in Figure I. The data on which this is based do 
not include the few cases in which an error was made, for example by pressing the 
wrong key. The categories of “left after right” and “right after left” were com- 
bined because the mean reaction times were very similar. The means shown are 
for the readings of all subjects taken together in spite of the fact that, owing to 
the conditions of the experiment and the manner of classifying the results, the 
proportions of readings from the different subjects in the various categories were 
not equal. 
FIGURE ırı ` 
Mean Reaction Times to signals following at different 
intervals after previous signals 
500; 


Reaction time in milliseconds 


e R after L or L after R 
x LafterL 
+ Rafter R 


| ER as 1 1 

To 15 20 25 30 35 40 
Periods after end of M, in secs. 

Time at which S, arrives 


i for signals 
The points at the extreme left of the two curves are 

which ives during the reaction time to a previous signal. The 
points immediately to the right of these are for signals which arrive 


during the execution of a movement in response to a previous 


signal. Subsequent points are for signals which arrive at various 


s after the end of a movement made in response to a 


interval f 3] 
previous signal. The divisions between the ranges of interval are 


indi to scale, on the abscissa. za 
sa Sat TR2 when S2 came during TRI or Mı or within 250 

illisec. of the end of Mr was significantly different from the mean 
resection time when S2 came 500 millisec. or more after the end 


of Mı. In each case P was less than 0-oor, 


Presentation of the results in this way was felt to be justified, however, following 
‘ 


Tee checks :— 
(i) The effects to be discussed were shown, with some minor es. 
attributable to the small numbers of readings, by each of the 
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(ii) The means of the individual subjects’ means were closely similar to those 
shown. a . 

(iii) Every individual pair of readings was scrutinized to see whether it ne 
adequately be accounted for in terms of the theory to be put se ca 
This detailed scrutiny was one of the original objects of the experiment an 


provides a very much more rigorous test of theory than does a consideration 
of mean results alone. 


A. Overall results for successive signals on different sides 


These results are shown by the heavy line in Figure 1 and indicate that ie 
were substantial delays to M2 when Sz arrived during TRr or during or shortly 


times differed little when an interval 
of more than 0-5 sec. separated the end of Mr and the arrival of S2. There can be 


uted by different limbs. A possible 


hus ruled out, and it seems clear that 
the delays must have been of central origin. 


We can divide the mean TRz for cases whe 
parts: (i) the mean time elapsing between the ap 
and (ii) the mean time between the end of TRI 
TRZ is shown divided into t 


tively in Figure 1. According to the theory 


n S2 arrived during TRI into two 
pearance of S2 and the end of TRI, 


TR2 = TD2 + (TRr — I) 
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; king 
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B. Overall results for successive signals on the same side 

Mean reaction times when S2 was on the same side as Sr were in all cases longer 
than when Sr and S2 were on opposite sides. With very short J the lengthening of 
TRz could be in part due to the necessity of completing Mz before beginning M2, 
and the point B in Figure 1, calculated in a similar manner to the point A, shows a 
TD2 substantially greater than a “normal” reaction time. This can hardly be the 
explanation, however, of longer reaction times when there was an interval of a 
second or more between the end of Mı and the arrival of S2. In these cases it seems 
reasonable to assume a delay due to an “expectancy effect” such as those studied 
by Mowrer (1940). The subjects seem to have tended to expect successive signals 
to be on opposite sides. 


C. Detailed scrutiny of cases where S2 arrived during TRI 

The results shown in Figure 1, especially those for Sı and S2 on opposite sides, 
seemed almost too good a fit to theory to be true, and subsequent scrutiny showed 
this to be so, although it also showed that Figure xı was not seriously misleading. 
In a few cases, M2 was made before Mr. These reversed reactions were obviously 
exceptional and were excluded when calculating the means shown in Figure r. In 
other cases the interval between the end of TRr and the beginning of M2, was too 
short for it to be assumed that a “normal” reaction time had elaspsed. 

The distribution of the intervals between the end of TRr and the beginning of 
M2 is shown in Figure 2. If, as the theory would require, this distribution is of 
times taken by the central mechanisms to deal with the data from S2, we should 
expect it to be similar to that for “normal” reaction times. The distribution of 
these is also shown in Figure 2. It will be at once clear that the former distribution 
is wider. The fact that there are rather too many occurrences in the 350 millisec. 
and upwards range is not important as the total number is not large and many 
chance factors may cause slight lengthening of a reaction time. The more serious 
problem is to account for the values which are too small. 

It has several times been suggested (see e.g. Hick, 1948, Vince, 1949, Welford, 1952, 
pp. 8-9) that when two signals occur very close together they may be treated as 
“grouped” and reacted to as a single unit—a process of which many examples could _ 
be quoted from everyday perception. An attempt was therefore made to see 
whether, according to various criteria, the cases of very short times between the 
end of TRx and the beginning of M2 could be accounted for in terms of grouping. 
All cases were considered where the time was equal to or less than 200 eE 
i.e. all cases below the “break” in the distribution shown in Figure 2. The spem 
criteria and the evidence relevant to them will be outlined in turn. The evi pace 
cannot be said in any sense to prove that grouping took place or to distinguish m 
different theories. What is attempted is to show that all cases which are no e 
by the main theory could be covered by the hypothesis of grouping. ffic ti 

(a) When two signals are responded to together as one unit a su mg eos 
Must elapse between S2 and Mr for the central mechanisms to deal with the dou Ti 
Signal, Tf the two signals were being dealt with on separate channels po poe 

e no such limitation. What constitutes a “sufficient” time cannot on evi moe 
Present available be specified with certainty. We should not expect it ps8 a 
€quivalent of two “normal” reaction times. Since the double response bees 
Telatively rare we might perhaps expect the time to be longer a = no Tenge 
time: on the other hand since both movements have to be made eT ae 
a need to choose accurately which to make and thus the u B he correct order 
Shorter than a “normal” reaction time provided a few reversals © 
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were permissible. From Hick’s (1952) formulation that T R= K log (n + 1) where 
n is the number of equiprobable choices and K is a constant, we should expect the 
time from S2 to Mr to be distributed with a mean not less than 1-58/2 of a “normal” 
reaction time, i.e. as for a simple instead of a two-choice reaction. The observed 


FIGURE 2 
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times, shown in Figure 2 are all reasonable on this assumption except the one 
indicated on the extreme left. This, however, was for a case in which the interval 
between TRr and Mz was 200 millisec. and we may suppose that this particular 
response was not grouped. 

(b) Grouped responses would, on the view outlined, be likely to occur when J 
was very short, although they might occur when the interval was longer if the 
subject’s attention were momentarily deflected when Sr appeared. Distributions 
given in Figure 2 show that short times between TRr and M2 were strikingly associ- 
ated with short J, and indeed approached those for the cases in which the responses 
were reversed. Reversal should probably be regarded as a sign of grouping, at least 
in many cases, and so the similarity of the two distributions is not surprising. 

(c) It might perhaps be expected that if responses were grouped they would be 
made simultaneously. This, however, occurred only rarely. The movements in 
most of the grouped pairs of reactions were successive although often M2 would 
begin before Mr had finished. Introspectively it seemed that although two signals 
might be perceived “together” they were nevertheless recognized as successive and 
that there was a compelling tendency to reproduce the successiveness in the responses. 
Manifestly the actual time interval between the responses was not reproduced. 

(d) Since the time taken to deal with the data from Sr and S2 together is assumed 
to be less than is required if they are dealt with serially, we should expect grouping 
to result in shorter TR2. The mean TR2 for the grouped responses was, as shown 
in Appendix A, shorter than that for ungrouped responses, although it was not 
Significantly so. Little weight can be placed upon this finding, however, as it is really 
tautologous: the short interval between the end of TRI and the beginning of M2 
(which was the original ground for suspecting grouping) might merely have been the 
result of short TR2. 

If, however, grouping is generally associated with short TR2 and also with short 
I we should expect that the mean TR2 for all pairs in which J is very short should be 
less than for pairs in which J is somewhat longer. The range of J over which this 
will hold is limited since when S2 came late during TRı, TR2 would not be much 
lengthened in ungrouped cases. Mean TR2 was therefore compared for J = 0-60 
millisec, and J = 70-150 millisec. with results shown in Table I. If cases are 
included in which the responses were reversed, the difference of TR2 is substantial 
and highly significant. If these cases are omitted the difference is smaller and not 
Significant although still in the expected direction. This last result must be viewed 
against the fact that if all responses had been ungrouped and TD2 had begun only 
When TRı had finished, we should have expected TR2 for the I = 0-60 millisec, 
Tange to have been longer than that for the J = 70-150 millisec. The quantity 
that would be expected to have remained, on average, constant between the two 
Tanges of J is the time from the appearance of Sr to the beginning of Ma, i.e. 
(TRe + 7 ). Table I shows the difference of this quantity between the two ranges 
of I to rly significant. 

eles an oo tee is for grouped responses to have short TR2 and to be 
associated with short J would seem a likely explanation of the fact noted by Elithorn 
and Lawrence (1955) that TR2 was, on average, shorter when J = 20 millisec. than 
When 7 = illisec. 

Oe en E earlier, that the time taken to deal with two eronped 
Snals may sometimes be longer and sometimes shorter than a ee es ms 
Choice reaction time, we cannot make any confident prediction about the e os 

°uping on the mean TRr, but we should expect an increase of Meine dating 
“Ogthening of mean TRr would be expected if all cases in which S2 arrive 


Si 
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TRr are considered, merely because there is a greater chance of this happening 
during along TRI. This objection does not apply however if only those cases 
taken in which J is less than the minimum “normal” reaction time. Mean an 
standard deviation of TRI for I < 150 millisec. are shown in Table II. It can be 
seen that if cases in which the responses were reversed are included there was a 
substantial rise of mean TRr. Where these cases are excluded the mean TRI is 
still a little longer than “normal” and the variance is still significantly larger. 


TABLE I 


TRz For CASES IN WHICH S2 ARRIVED DURING TRI 
All times in millisec, 


we 
= = oL 
Significance of difference 
between means 
I = o-60 | I = 70-150 t Pa 
a 
Including reversed cases: 
Number of readings HS 29 29 
Mean TR2 .. ez re 377 465 2:99 ool 
Excluding veversed cases: 
Number of readings .. sea 17 28 
Mean TR2 .. fiw ns 429 65 NS. 
495 I-02 : 
Mean (TR2 + 1I) .. ate 458 576 3°35 ool 
TABLE II è 
COMPARISON OF “NORMAL” TR with TRI For CASES IN WHICH S2 ARRIVED DURING 
TRr anp J = 


0-150 MILLISEc, 
All times in millisec, 


Pe eee a eee 


Significance of 
difference of variance | 
from that for “norma 
reaction times l 
Number Standard | Variance 
of cases Mean deviation ratio P< 
“Normal” TR * i, 
TRr including reversed 197 aeg 56 
cases z AA à 8 = 
TRı excluding reversed 7 347 163 8-56 o 
ee 44 301 104 3°48 0-00! 


every case in which S2 appear 
that due account was taken of 


ee 
[e] 
o 
æ 
M 
B 
fe] 
i=] 
a. 
S 
= 
| 
2 
2 
[=] 
= 
1p) 
2 
T. 
=i 
oS 
9 


toring of Mx simi iously indic 
in certain cases between S2 and Sr, 5 similar to that previously 


EVIDENCE OF A SINGLE-CHANNEL DECISION MECHANISM 20I 


The times between the end of Mr and the beginning of M2 are plotted in Figure 3. 
Most of them fall well within the distribution of “normal” reaction times, but again 
some are far too short. As before, all cases in which the time was 200 millisec. or 
less were scrutinized for evidence of grouping according to criteria analogous to 
those used for cases when S2 came during TRI. 


FIGURE 3 
Distributions of certain quantities for cases in which S2 arrived during Mr 
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recording system noted in the legend to Figure 2. Allowance had been 
made in Table IV and Appendix A in the same manner as in Table II. 


(a) The times from the arrival of S2 until the end of Mı are plotted in Figure 3. 
The majority fall comfortably within the range of expected values for simple reaction 
times, i.e. 158/2 of those for “normal” reaction times. There are however a few 
at the left of the distribution which seem suspiciously short. Of these, however, 
two were associated with times between the end of Mz and the beginning of M2 
which would be consistent with the response to S2 not having been grouped with 
the monitoring of Mr, and they have therefore been treated as ungrouped. The 
Corresponding points on the two distributions are distinguished by open circles. A 
third point in the group was for a pair of reactions in which the onset of S2 coincided 
With the beginning of Mz, and the beginning of M2 coincided with the end of Mr. 

he recorded time—1z30 millisec.—was thus the duration of both Mr and TR2. 

(b) By analogy with cases in which S2 came during TRr we should epn 
Srouping to have been most frequent when the interval I between the scare 

I and the arrival of S2 was short. The distributions in Figure 3 show that this 
me TRa for all cases, grouped and ungrouped together, in which J’= 
O80 wiles ens found to be lower than that for J’ = 40-80 millisec., as shown in 
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ifference was not significant, but it must again be remembered that 
ea A ungrouped aan have expected TR2 to be higher in 
former range of J’ than in the latter. The quantity expected to be constant a : 
be the time from the beginning of Mr to the beginning of Ma, i.e. (TR2 + I’). : 
is shown for the two ranges of I’ in Table III and the difference between the range 
was found to be clearly significant. 


TABLE III 
TR2 For CASES IN WHICH S2 ARRIVED DURING Mı 
All times in millisec. 


Significance of difference 
between means 


I’ = 0-30 I’ = 40-80 t P< 
Number of readings .. re 2I 12 
Mean TR2 T äs ae 382 427 1°54 N.S. 
Mean (TR2 + I’) a 392 483 3°05 oor 
TABLE IV 


COMPARISON OF “NORMAL” M WITH MI FOR CASES IN 


WHICH S2 ARRIVED DURING MI, 
AND I = 0-80 MILLISEC 


All times in millisec, 


Significance of difference 
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oh Oe E 
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Number deviate 
of Standard inr Variance 
cases Mean | deviation testt ratio P< 
e »” m 
Normal” M* 756 148 59 
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96 2:58 6:004 
* “Normal 


3 i ee: 
difference of variance. y Whitfield (1947) was used owing to the significa 


“normal” signals, It would again an 
he grouped cases with that in respo! 


ng Mi if Mr and TR2 were independe 
Nor again can we compare the TMz of all cases in which S2 arrived during v 
with the TM of “normal” cases, because the ai 


ended. 
80 millisec, 


the 
owever, less than r per cent. of o to 


recorded “normal” TM were of or under, so that it was felt sa 


pn —— 
aN Ng a 

2O 

—————— 


EVIDENCE OF A SINGLE-CHANNEL DECISION MECHANISM 203 


use for comparison all cases in which J’ < 80 millisec. The results set out in 
Table IV show clearly that TM tended to be longer than the “normal” TM, and 
had a much larger variance. It was also longer, although not quite significantly 
so, than TMr in cases where S2 arrived during TRr. It thus seems fairly clear 
that the arrival of S2 during TRr had some effect on TMI in at least a proportion 
of cases. 


E. Re-examination of the overall results for successive signals on different sides 


The results were then replotted, after the exclusion of all grouped cases, in 
Figure 4. It can be seen that the calculated times for TD2, taking this to begin at 


FIGURE 4 


Mean reaction times to ungrouped signals following at 
different intervals after previous signals 


sr 
al 


Reaçtion time in milliseconds 


e, 
E a 025 05 10 
Tu : Periods after end of M, in secs. 
Time at which S, appears 


The points on the dotted line are for calculated TD2. 


the end of TRz or Mr as the case may be, show a slight upward curve to the left. 
at this was due to is not certain, but four possibilities deserve mention :— 


(a) It may be that there was a residual, “Mowrer effect” with short J. 


(b) The rise could be explained in terms of a central refractory period of constant 
duration as suggested by Davis (1957). 

(c) In some of the cases when S2 arrived just before the end of TRI, TR2 was 
somewhat longer than usual and it seemed possible that grouping of S2 with 
the monitoring of Mr might have occurred. These cases were not separated 
from the rest as they were very few and were too unevenly distributed 
between the subjects for much weight to be given to them. The possibility 
of such grouping remains, however, and would seem worth exploring 1n 
further work. The rise in the case of signals occurring during MI might 
perhaps have resulted from a similar grouping with the monitoring of i 
end of Mz, but the evidence was far too slight for this possiblity to be tested. 
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(4) The effect could have been due to some minimal feedback from the nen. 
of Mr being necessary to “release” the “single channel from its ne ay 
by data from Sr before it could accept data from an S2 arriving during = 
In the same way feedback from the end of Mr might have been Ta E 
release the central mechanisms from their monitoring of Mı and leave the $ 
free to deal with data from an S2 arriving during TMI. Such a fee ban 
would introduce a small constant which would delay the beginning of T 
until after the end of TRI although it might not, as we shall discuss later, 
always result in an extra delay to M2. Further consideration will be given 
to this point when the theory is re-examined as a whole. 


F. Conclusions from the present experiment 


(a) When S2 arrived during TR1 the lengthening of TR2 was in most cases such 
as to be consistent with the view 


that a TD2 of the same duration as @ 
“normal” reaction time began at (or very shortly after) the end of TRI. 
(b) Every case which was not fitted by this theory was consistent with the view 
that grouping of Sr and S2 had occurred, 


(c) Lengthening of TRa w 


as observed in cases in which S2 arrived during °T 
shortly after Mr, 
In addition, two new points emerge which have not been demonstrated in previous 
experiments :— 


(d) When S2 arrives during Mz, grouping of S2 with the monitoring of Mr may 
occur with results analogous to those when S2 arrives during TRI and 15 
grouped with Sr, 


(e) 


: nsistent with the view that a TD2 S 
the same duration “ ” reaction time begins at (or shortly after 


THE PRESENT STATE OF THEORY 
he statements published i 
theory have been advanced to account for the 
which closely follows a previous signal. 
A. The first type, which wa: 
period” postulates that followin, 


Looking back over t n this field, we find five types E 
delays in responding to a sig” 


S responsible for the term “psychological refractory 
j s f & some event in the chain of processes leading ae 
signal to Tesponding action there isa refractory state analogous to that found K 
nerve fibres but of much longer duration—roo to 500 millisec in different formulë 
tions. | The widely held Suggestion, that there is a refractory period of about hal 


second following the making of a response, seems to have come from Telford (1937 
It has been clearly refuted by Vince’s ex 


: ce: 
‘ periments and by all the evidence oe 
Fitts (1951, P. 1323) Suggested that there might be a refractory period of the ae 
kind but with a duration of only about 10o millisec., and Davis (1957) has postula n 
a refractory period of about the same length following central activity rather 
the actual making of a response, 


| 
| 
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B. Broadbent (1958, p. 280) has suggested that there may be a kind of quantising 
of perception into samples about a third of a second long. He further suggests that 
the subject can begin a new sample when Sr arrives and that delays to S2 are due 
to the data having to wait until the next sample before they can be dealt with. 
This theory, although fundamentally different in conception from the previous type 
has some similar consequences. It would, at first sight, account well for the data 
of the present experiment: the delays in the ungrouped cases when S2 arrived during 
TRr were about what would be expected, and delays when S2 came during Mr 
would be due to S2 “missing” the next sample and having to wait for a third. 
Broadbent’s theory would further offer an attractive explanation of the variability 
of delay when S2 arrived close to the beginning of Mı as this would also be about 
the end of the first sample after Sı, so that in some cases S2 would be in time for 
the second sample but in other cases would have to wait for the third. The theory 
would not, however, account for the tendency to lengthening of Mr in cases in 
which I’ was short. Further, one would expect that in cases in which S2 came 
during Mr, TRr and TR2 would have been positively correlated since short TR2 
would be secured if TRI ended and S2 arrived before the end of the first sample. 
Plotting TR2 against TRr it was clear that the correlation if any, was negligible. 

Both these two types of theory postulate that delays are caused by some process 
occupying a fixed time interval which is, as the theories are stated, independent of 
the length of TRr and TMr, and would presumably not change with the amount of 
information conveyed by Sr or by the monitoring of Mr. Both theories thus have 
the severe disadvantage that they require an ad hoc quantity to be postulated for 
the refractory period or quantised interval. If all the existing evidence is to be 
accounted for, such a quantity would have to be assumed to vary with circum- 
Stances in some way not as yet understood. The theories can thus, at the present 
Stage at least, have only post hoc descriptive value and are not yet reliably predictive. 
They cannot, however, be refuted on present evidence, they can only be shown to 
be unnecessary. The crucial experiments have not yet been done. It would be 
instructive, for example, to try experiments in which the average reaction times 
Would be longer than those obtained so far—for example by requiring multi-choice 
Teactions. If under these conditions the delays were found to be no longer than 
those already observed, it would be evidence in favour of a theory such as that of 

avis or Broadbent. 

C. A different type of theory again states that the delays to S2 are due to what 
We have called the “Mowrer effect.” Mowrer (1940) found that in a serial reaction 
time task signals arriving before (or after) a modal or mean interval were reacted to 
More slowly, and he “explained” the effect by saying that the subject's “expectancy 
Of a signal was then lower. This type of theory was originally suggested as a 
Possibility by Hick-(r948), anid was espoused by Poulton (zogo) and by E 
awrence (1955). If specification of the actual amount of delay is not attemp he 
cory can fit a great deal of the evidence very well. Preference for other t eorjes 
€pends upon their giving a better quantitative fit to the data. Its lack of quanti- 
tative precision is indeed its main disadvantage and makes it again non-predictive. 
lf al the data already accumulated were to be accounted for, the delays would 
ave to vary with circumstances according to principles as yet unknown. e 
there jg no mechanism in terms of which the effect can, as yet, be confidently under- 
Stood, so that the theory is at present purely descriptive: the effect of sape aion a 
can only be observed post hoc from empirical data. Broadbent (1958, p. 272) p a 
to this theory as “parsimonious.” It is so only if quantitative consideration = 
Neglected, If they are taken into account, the additional postulates necessary 
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zi much less 
explain variations in the — of me effect make the theory very 
ata i it appears at first sight. p . sile 
a rae (1955) seem to imply the suggestion a ba iae d 
of experiments using pairs of a Sete py Sager =e bi e til 
i i ther central interaction. u ihat 
for in terms of cortical or o r oo ee 
is mi ial between bilaterally symmetrical e e me 
ty led a ignal may cause delay even if no overt response t 
Fraisse (1957) has shown that a signal may fi ke coke ae 
it i ired, but inhibition of action might well have sign i nals 
= $ Eet The a len ay experiment in which responses to ig age a 
Wold pê made by widely separated effectors, e.g. jaw and foot, has not, s 
iter is aware, been done. : a "e. 
7 E Lastly, we may consider the hypothesis that there isin the central on 
a single-channel of limited capacity. This was implied in Craik’s (1948) ee he 
was made explicit by Hick (1948) and was developed by Hick and ei (950) t 
present author (Welford, 1952), Davis (1956, 1957), Fraisse (1957) an Soomaali 
(1957, 1958). In its bare essentials this theory assumes, firstly, a number © A peti 
input mechanisms each capable of receiving data and storing it fora limite P diy, 
so that, for example, a short series of signals can be received as a unit. Sec herad 
it assumes a number of effector mechanisms containing both central and penip añ 
elements and capable of carrying out a series of actions such as the pe p: 
release of a key or a series of taps (Vince, 1949) as a single unit, Thirdly, E = aa 
le-channel decision mechanism. This is regarde 


d by dealing with previous data, and can be "aor 
together to the decision chan i Similarly the decision ae 
Sponses the execution of y FE 
ith fresh input. Sensory ai 

; » “capture” the decision chan: 
i.e. responses may be monitored. 


st te not 
t have the disadvantages of the others although it is ™ 
out its own difficulties, of which the most pertinent are perhaps three :— 

(i) Some additional postulate 


A ho 
ever, is a problem for any theory except, perhaps, that of Broadbent W 
might postulate that the j i 
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give the subject confidence. It is understandable that monitoring for either 
of these reasons would tend to drop out with practice, and we may note in 
support of this view that Davis's original subjects (Davis, 1956) and Marill’s 
(1957) subjects, who are the two groups failing to show delays when S2 
came after the end of TRr, were substantially more practised than others. 
Experiments comparing delays at various stages of practice could settle 
whether this explanation is correct. 


The theory fits the evidence very reasonably well if we take the time for 
which the single channel is assumed to be occupied as equal to the total 
TRI. Such a formulation neglects, as Davis (1957) has pointed out, the 
fact that appreciable times are required for data to reach the cortex from 
sense organs and for efferent nerve impulses and muscular action to make 
a response effective. The theory would certainly not work if these times 
were deducted from TRI, as at first sight it would seem they should be, in 
order to arrive at the supposed time required for the decision mechanism to 
act in response to Sr. 

Any suggestion to overcome this difficulty must at present be 
speculative, but we may note that the difficulty would cease to exist if it 
could be shown that some minimum feedback from the responding action, 
indicating that it had begun, was necessary for the decision mechanism to 
be “cleared.” If this were so the time taken to initiate a movement would 
automatically be included in the decision time, and there would be added 
a new time component of a few milliseconds for the feed-back signals to get 
back from the responding member to the brain. If this time was approx- 
imately the same as that required for a stimulus to reach the brain from an 
exteroceptor it would mean that reaction time would be a reasonable 
measure of decision time although the equating of the two would be in a 
sense fortuitous. An indication in favour of such a scheme is contained 
in the finding by Fraisse (1957) that delays following an Sr to which no 
response had to be made, and for which presumably the feedback did not 
occur, were shorter than when Sr was followed by an overt responding 
movement. 


FUTURE RESEARCH 


i rging two general points for future studies which emerge 
fem i hes E a ar E ireti a wide variety of theories will fit substantial 
areas of the facts, and distinction between the various theories can often only be 
made following a detailed quantitative analysis of the data. Any new theory should 

© accompanied by a review in quantitative terms of al} the rather formidable mass 
Of data so far collected. i : 
Secondly, there seems to be a danger that the study of reactions to discrete pairs 
Of signals will become unduly preoccupied with minutiae. There is a fairly obvious 
Series of experiments still to be done with this technique, and doubtless if they were 
done they would suggest others. The kind of question these could settle would, 
wever, almost certainly be answered incidentally, and a great deal of valuable 
information obtained besides, if attention was returned to the original stimulus to 
Such studies, namely the analysis of continuous performance. 


My thanks are due to Dr. W. E. Hick for the loan of the random interval generator, 
and for his comments upon the draft of this paper. 
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APPENDIX A — TABLE or MEANS 


Right after left 
or left after vight 
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Left after left 


Number Number 
Mean of Mean of 
time |veadings| time veadings 
Cases in which S2 came during TR1 
LF Ungrouped: I.. 186 61 224 20 
TRI 317 306 
TR2 te Ee .. es 458 469 
Calculated TD2, ie. TR2 + 
I — TRI $ y3 ee 27 387 
Grouped: ae PN 64 22 I90 I 
TRI 362 350 
TR2 ci pan PM aras 433 310 
Reversed: i.e. M to S2 before M to S1 
he's as gx . 56 16 = — 
TRI 552 = 
TR2 ae ik pe iè 309 = 
Time from Sr to first M given, 
ie. TR2 + I a9 365 = 
Cases in which S2 came during Mx 
Ungrouped: I’ .. 9I 53 93 I2 
TMI 165 157 
TR2 . ss a6 393 409 
Calculated TD2 (assuming 
TFb1 = TMI), ie. TR2 + I’ 
— TMi.. Ss = kë 319 345 
Grouped: : ie 32 13 — o 
TMr 305 — 
TR2 347 a 
TR2 in cases where S2 came after the end of Mx, 
tabulated by interval between end of Mı and 
arrival of S2 
0-240 344 84 396 37 
250-490 303 83 334 28 
500-990 289 170 320 34 
1,000-1,490 288 147 328 24 
1,500-1,990 AIT ee Ia 1 
a 2,000-2,490 278 125 oe ae 
2,500-2,990 281 I1I7 3 5 
k 3,000-3,490 272 74 270 = 
3,500 and over 291 33 J 


Right after right 


298 393 


3,500 and over 
L eee ee 


APPENDIX B — CALCULATION or TFe 


d) less the time 
Mı wi thened by an amount equal to the length of the delay ( shite 
(è) E Wie ona or Mı at bih S2 appears. The lengthening will equal d with? = O 


and hi 


e zero when i > d. For intermediate values of i, the net delay i.e. (d 


— i) will have 


4 ` If there is delay due to TFe, reaction times to signals following closely after the end 
| of 
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i is indicated by the 
5° in Figure 5A. The ¢ofal amount of delay is in $ 
f em oe What $ required is to calculate d. P | — a smpi 
D i j ncy of signals at all intervals after the end of Mr L 
oe aD aed wales an interval i (>d) the area a will be represented in the 


FIGURE 5 


Time at which S, 
appears after M, 


A. Idealized diagram showing effects upon TR2 of delay due to 
monitoring the end of Mr. 


B. The same effect averaged over a period, 


@ = 24 


taking a as the difference between the observed mean TR2 and the mean “normal 
reaction time (TRn), multiplied by the interval i, i.e. 


a = į (TR2 — TRn) 


If d is subject to variation this formula requires modification. Writing @ for me 
mean a, we have 
m x(d*) r 
2a Y= d 4 o 
so that 


@ = 2g gà 


d 
p : P e 
In the present experiment if we take 7 — 500 millisec. after the end of Mı we hav 


pee . Tp, i 3 
mean TR2 = 323 millisec, Taking TRv as 282 millisec. (the distribution of these time 
was shown in Figure 2) we have 

@ = 500 (323 — 282) 
= 20500 


If d were assumed to have nO variance d would be the Square root of twice this quantity 
i.e. 202 millisec. Almost certainly, however, d will have some variance. An oan E 
case would be that in which o4 — d. In this case g — Vā = 143 millisec, A reason’ 
minimum value for oq might be taken as that which would a the same coefficie? 


i jation, 
variation to d as to TRn. If we write f = the reciprocal of the coefficient of variati 
we have oa = fd and thus 


@ = 2a — fege ___ 24 


pep cy) as IFP wit 
The value of for the distribution of “normal” reaction times was found to be 0'19 
which yielded a calculated @ of 199 millisec, 
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THE ROLE OF “ATTENTION” IN THE PSYCHOLOGICAL 
REFRACTORY PERIOD 


BY 
R. DAVIS 
From the Institute of Experimental Psychology, University of Oxford 


in the same sense modality (visual) or in different modalities (visual, followed by auditory). 
These results confirm the suggestion of the writer in a previous paper that there may be a 


INTRODUCTION 


In previous papers the present writer has suggested a model for the human 
operator responding to signals from the environment as a single channel through 
which one signal had to be cleared before another could be dealt with, in the manner 
Suggested by Craik (1947 and 1948). The evidence was provided from experiments 
on reaction times to consecutive signals separated by short intervals of the type 
reviewed by Hick (1948) and Welford (1952). It was shown (Davis, 1956) that if a 
Second signal was given 0-2 sec. or less after the first signal, a lengthened second 
Teaction time to the second signal was obtained. In this case both signals were 
visual. In a further experiment (Davis, 1957) using an auditory signal followed by 
a visual signal, it was found that the magnitude of delays in the reaction time to the 
Second signal was the same as when both signals were in the same, the visual, modality. 
It was therefore argued that there was some sort of functional convergence of signals 
arriving from different sense modalities; that the classifying of a signal and the organ- 
izing of a response to it was performed by the same central system, no matter by what 
Sense modality the information arrived. : ‘ 

It might, however, be suggested that the common factor in all these experiments 
Was that similar sorts of response had to be organized to the consecutive signals within 
a very short interval. The suggestion that interference on the response side is 
Tesponsible for the delays is made unlikely by several previous observations. Thus 
the possibility of delays arising because of the limb not being in a position to make the 
Second response, as a result of having performed the first, had been eliminated by 
Using different hands for performing the consecutive responses. The fact that 
Using two different hands would also involve the motor cortex in opposite 
hemispheres does not necessarily preclude the possibility of interference at this 
level, although it was shown (Davis, 1956) that the same order of delays is found 
Whether different fingers of the same hand or of different hands were used, = 
that the effect seems identical whether the same or different halves of the the 
Cortex are involved in consecutive responses. Although Poffenberger F sonal 
Teported a reduction in reaction times to single visual stimuli when using 
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a ‘ i i wo situ 
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ge observations suggest that the source of delays does not lie in the a it 
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subsequent neural pathways. However, this evidence could hardly be regar a 
conclusive and the writer therefore attempted to devise some behavioural Pr a 
deciding the probable locus of the delays. An approach was suggeste T if 
observation of Drazin (unpublished), who noticed that delays in reaction times ould 
visual signal given shortly after a visual warning signal were nearly as large as W 


arning signal, 


ns. 
Visual-visual, Tesponding to both signals, 
Experiment 2, Visual-visual, responding to the second signal only. 


Experiment 3. Visual-auditory, Tesponding to both signals, 

Experiment 4. Visual-auditory, 

A s 

Although the o; (Davis, 1956) used a visual-visual sequence, it Wa 
carried out using a different appar: i 
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and the reaction times to the last 10 responses in each set were used as a control series, 
In all cases for the control series the single signal was presented at an interval after a 
warning, and this interval was varied randomly over the same range as the warning interval 
before the first signal in the test series, i.e. from 1-5 to 2-5 sec. in o'I sec. steps. 

The experimental series was then presented. This consisted of 20 pairs of signals. 
The experimenter would say “Are you ready—now”’ and press the switch to start the 
timing apparatus. At a randomly varied interval between 1-5 and 2-5 sec. afterwards, 
the first signal would arrive and it would be followed at a randomly varied interval between 
50 and 500 millisec. by the second signal. The range between 50 and 500 millisec. was 
divided into values differing by 50 millisec. and by drawing these values from a hat, a 
random arrangement in which each interval occurred twice in each series of 20 was 
ensured. 

If for any reason a subject failed to make a response to any pair of signals, this interval 
was repeated later in the series. This happened rarely and the number of such occasion 
is shown in the results. Each subject was given several days’ practice in the experimental 
conditions before any results were used. A further 20 experimental sessions were then 
given and the results of these are presented. 


TABLE I 


EXPERIMENTS I AND 2 (VISUAL-VISUAL SEQUENCE) 
Means and Standard deviations of reaction times of intervals from 50 to 500 millisec. 
N = 40 in every case 


a R 


SO 


Total number of readings requiring repeat for any reason: 
Experiment 1 Experiment : 
j i a .. 15 = 3°8 per cent. 16 = 4 per cent. 
Subject D wa .. 24 = 6 per cent. 18 = 4'5 per cent. 


Experiment 2 
Experiment 1 Visual-visual 
Visual-visual sequence, responding to both sequence, responding 
signals to second signal only 
RT, RT, RT, 
Interval — 
} (millisec.) Mean S.D. Mean Sed; Mean S.D. 
Subject C 
50 159 I4 286 27 254 38 
100 153 15 224 34 220 33 
150 162 16 204 2I 190 24 
200 168 26 185 26 176 23 
250 164 24 172 25 163 20 
300 157 17 166 15 163 22 
350 163 2I 158 12 164 25 
400 155 15 149 17 159 18 
t 450 163 21 152 18 160 18 
500 160 18 153 13 152 17 
Subj 
i 173 19 230 28 244 48 
_ 100 171 16 zit 2I 207 ay 
150 171 18 202 18 181 25 
200 177 20 187 a rs a 
À 250 169 18 173 18 161 12 
l 300 167 I4 157 ro 161 13 
g 350 171I 2i 153 15 154 22 
400 175 19 150 15 104 
450 173 21 145 o 458 =e 
500 178 19 140 I0 155 I0 
| 
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RESULTS 


In Table I are shown the mean reaction times to the signals presented in Experi- 
ments 1 and 2. In Table II are shown the mean reaction times to the signals pre- 
sented in Experiments 3 and 4. 


TABLE II 
EXPERIMENTS 3 AND 4 (VIsUAL-AUDITORY SEQUENCE) 
Means and Standard deviations of reaction times for inte: 


tvals from 50 to 500 millisec. 
N = 40 in every case 


Experiment 4 
; _ Experiment 3 Visual-auditory 
Visual-auditory sequence, responding to both sequence responding 
signals to second signal only 
RT, RT, RT, 
Interval = = 
(millisec.) Mean SH Mean S.D. Mean S.D. 
Subject C 
50 152 2I 258 34 207 39 
150 138 20 any o i y 
200 158 19 E 3 oo oft r 
250 157 I4 I > 3 ia ar 
ae ae ae 34 18 128 31 
350 159 I me ee ooo 7 
25 s A 129 20 120 16 
450 I5I 14 = se coh =H 
500 150 18 eS A = a 
II 
Subject D ere ae 
50 I S 
I00 = a g 33 21s 36 
150 172 22 pe ee 183 m4 
200 173 17 one 47 170 37 
250 176 22 6 38 162 25 
300 178 20 riea 33 HS S 
350 172 20 se A aa 
400 179 35 143 30 116 9 
450 173 T5 137 22 116 9 
500 173 15 <4 w7 4 
I2I 20 I19 2r 


Total number of readings requiring repeat for any reason: 


i Experiment 3 
aea ae ++ II = 2:8 per cent, 
j <ë ++ 25 = 6'3 per cent, 


Experiment 4 
17 = 4'3 per cent. 
39 = 9'8 per cent. 


ns 
p e a rt 
ee 
————————— N 
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FIGURE 1a FIGURE 1b 
300 
RT: 
*— Subject ic 250 *——« Subject C 
e— Subject D o—> Subject D 
200 
150 
100 — a a | 1 m. n i i a a 100! 
50° 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500 
Interval Interval 
Visual—visual sequence. Mean values of second reaction times for all values of interval. 
Confidence limits of two standard errors are marked on either side of the mean. The 


values of means for the control simple (visual) reaction times series are also shown. 
Ia, Experiment 1. Responding to both signals. 
1b. Experiment 2. Responding to the second signal only. 


FIGURE 2a FIGURE 2b 
300] 300) 
RT, RT, 
250 — Subject Gc 250 x— Subject C 
o— Subject D o— Subject D 
200 200} 
150 150 


x- 
Control 
means 


j__t 1 | ENE S | = G 
50 100 1S0 200 250 300 350 400 450 500 
Interval 


Control 
means 


a Se ee en oe 
lop 30 100 150 200 250 300 350 400: 450 500 


100 


Interval 
Visual-auditory sequence. Mean values of second (auditory) reaction times for all values 
of interval. Confaenos limits of two standard errors marked on either side of the mean. 
The values of means for the control simple (auditory) reaction times series are also shown. 


2a. Experiment 3. ‘Responding to both signals. — i 
2b, Expecimant P Responding to the second (auditory) signal only. 


The following points may be noticed from these results. 
| (1) In all cases the delay in the response to the second of the two signals aruis 
ina regular manner from a maximum at the shortest interval used (50 miee), a : 

comes negligible when the interval exceeds 250 millisec. This confirms H op me 
Writer’s findings in previous experiments (Davis, 1956 and 1957) on the du 


€ so-called “psychological refractory period.” 
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(2) The delay disappears at this value of interval whether the second signal is in 
the same or different sense modality from the first (visual-visual or visual-auditory). 
This confirms the results of the experiment where the reverse sequence (auditory- 
visual) of signals was used (Davis, 1957) and supports the writer’s suggestion that 


signals from visual and auditory modalities converge onto a common central channel 
for classification and analysis. 


(3) A new fact is evident, that there is nearly as much delay present in the second 


response when the subject does not respond to the first signal as there is when he 
responds to both. 


The differences in delay: 
visual-visual sequence and 
III it can be seen that o 
responding to the first si 


s in the two situations are shown in Table III for the 
in Table IV for the visual-auditory sequence. From Table 
nly a very small part of the delay was eliminated by not 
ignal when both the signals were in the same modality. 


TABLE III 


First SIGNAL 


(Times in millisec.) 


I 2 
Responding to both Responding to the 
(visual) signals second (visual) signal only 
(Experiment 1) (Experiment 2) 
——— a Difference 
Interval Mean Mean K 
(millisec.) RT, Control Delay RT Control Delay I-2 
Subject C 
50 286 
ee A 163 123 254 163 gr 32 
ree 4 n 61 220 ia 57 4 
aoe eo ” 41 190 ” 27 ae 
oe en » 22 176 » 13 9 
» 9 163 o 9 
” 
Subject D ae 
oa 230 159 7ye 244 159 85 —14* 
200 187 5 33 = - E a 
” 16 
250 173 R 14 16 a = > 
* This is the anomalous result of Subject D. 
There is in this table clear] £ 
50 millisec. The reaction TA m e I et ao i rs he mer to 
both signals than when T i a a alwa agtually shorter in cea ae 
i esponding only to the Second. The writer is inclined to regatt 
this as an anomaly peculiar to this subject n P oe ae 


e 
to anticipate signals to a greattt 
number of pairs of stim 


these being necessary in order to Tep! ne 
i i pe was anticipated. i he shorté 
second reaction times at 50 millisec, interval were e neg been be th pre Si 
delaying the first response and treating the two signals as su. p prong r complex 
double, response is made (Hick, 1948; Vi a complex, to whic! 


we 
ince, 1948 and 1950). If this were so, then Y 
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should expect the first reaction times to be lengthened by at least the value of the interval 
between the two signals when compared with the reaction time to a single signal, i.e. by at 
least 50 millisec. for a 50 millisec. interval. Thus, if all or most of the responses were 
being grouped we should expect the mean reaction time for the first element of the grouped 
response to be at least RTy + 50 millisec. (where RTy = simple reaction time control) 
Although the mean RT, at the 50 millisec. interval for subject D is larger than the control 
value, the difference is only small, 173 — 159 millisec., and although this might indicate 
that the subject was waiting before performing the first response, it is clear that none of the 
advantages of “grouping” would be gained with such a short wait. 


TABLE IV 


COMPARISON OF THE DELAYS IN REACTION TIME TO AN AUDITORY SIGNAL PRECEDED 
BY A VISUAL SIGNAL UNDER THE DIFFERENT CONDITIONS OF MAKING or Not MAKING 
A RESPONSE TO THE VISUAL SIGNAL 


(Times in millisecs.) 


ee Se ee 


I 2 
Responding to both Responding to the 
(visual-auditory) second (auditory) 
signals signal only 
(Experiment 3) (Experiment 4) 
I nterval Mean Mean Difference 
(millisec.) RT, Control | Delay RT, Control | Delay in delays 
Subject C 
50 258 109 149 207 109 98 5I 
100 226 pe II7 181 me 72 45 
150 203 ” 94 I6I fi 52 42 
200 158 ” 49 148 ih 39 to 
250 134 » 25 128 i 19 6 
Subject D 
50 257 E29) ; 128 218 129 89 39 
100 226 » 97 183 ” 54 43 
150 216 ”» 87 170 x 4I 46 
200 186 ” 57 162 i 33 24 
250 160 ” 3I 142 ” 13 18 


It is still possible that some responses may have been grouped and others performed as 
distinct reactions. Merely examining the mean RTs would not enable us to detect this 
Possibility. Thus the slightly larger mean RT, of 173 millisec. might be composed of the 
first reaction times for both discrete and grouped responses. Examining the distributions 
of reaction times shows this to be unlikely, but a more precise test can be made in the 
For each interval there is a Cibu se EE ee ge x 
RT,s, both approximately normal (although slightly skewed towards ). 
If eedi butions EEE from a mixture of grouped and ungrouped response er npn 
Would mean that relatively long RT,s would be associated with relatively shor WS 


“ ig the shorter RT,s would be associated with the longer 
A alla re hus the product moment correlation coefficient for RT, 


RT iscrete responses). ! t fe 

and ART, aire taken ae ie whole distribution should me oat (although within each 
5 ing the distribution it may be positive). hes 

oes grou cient for RT; a pairs at this interval was found to be positive 


ient for RT, and RT, J 
7 Ji = en nee that the whole distribution forms a homogeneous or nearly 
EE Rast i But it was established above that if we assumed we were dealing 


i i t he time the 
wi istri i i thich all, or nearly all, responses were grouped, then t! 
BS ed prs aces es 15 millisec.) was so short that none of the advantages to Ls 
gained ie Sm ing could be achieved. Therefore if the distributions form a homon = 
oe nearly P Eene group, as the positive correlation coefficient suggests, then 
can hey are all, or nearly all, non-grouped responses. ns 
ches that the anomalous result of subject D cannot be explained by 


8Touping hypothesis. 


following manner. 
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From Table IV it can be seen that although some of the delay is eliminated by not 
having to respond to the first of the two signals when they are in different modalities, 
the major part of it still remains. 


Discussion 
It might be argued that there should be a difference in the delays arising from 
same modality and cross modality stimulation when no response is required to the 
first signal. Thus in the visual-visual situation, even though consecutive signals 


signal. That is, the subject may have had to pay attention to the first signal even 


When different modalities are used for first and second signals there would seem 


We therefore need to explain why a signal 


which the subject could afford to neglect completely had such a disturbing effect on 


: It has high “novelty” in B , 3) « 
Tn other circumstances where the fl i F m roadbent s sense (195 
such a change could occus iiio a might not be so compelling, it is likely that 


ional 
Sponse to a second signa 


be interpreted in the following ma 
nner, > 
in the visual-auditory stiller : ner. The fact that considerable delays occurté 
tion because of its distracting effect Th j 
+ p p : . e fact that del j rint 

visual-visual situation suggests that there may be a Ae i i ing abjec 
having to perform some sort of discrimi GHEE GURTO 

In view of the experimental design, a furth, ibili ‘jure, THE 
subject performed Experiments 2 and 4 ( €T Possibility must be considered. 


: i 
p the sing] Deri in paralle 
with Experiments 1 and 3 (the double espns Seine After 
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completing a single session under the conditions of Experiment 1, they would have a 
short rest and then do a session of Experiment 2, and a similar arrangement was used 
for Experiments 3 and 4. It could be argued that the reason for the delays in 
Experiments 2 and 4 was that the subjects were having to inhibit an overt response 
to the first of the two signals which they had learned to perform in Experiments r 
and 3. In order to provide some check on this possibility, the results for subject D 
were taken under two different conditions in Experiment 4. Half of the trials were 
done at the same sessions as the latter half of Experiment 3 and the other half were 
done some two months later. In the meantime the subject had had a complete 
break from this type of experiment. The results shown above for Experiment 4 in 
fact group these two sets together, but in Table V are shown the values of the auditory 
reaction times under the two different conditions. 


TABLE V 


Mrans anp S.D.s or REACTION TIMES (IN MILLISEC.) IN RESPONDING 
TO ONLY THE SECOND OF TWO SIGNALS (VISUAL-AUDITORY) 


(A) When the trials took place on the same days as those for Experi- 


ment 3. 
(B) When the trials took place after 2 months’ rest from this type of 
experiment. 
20 Trials in parallel 20 trials 2 months 
with Experiment 3 later 
Interval | 
(millisec.) M SD: M S.D. 
Subject D only 
50 234 2 202 29 
100 201 20 166 18 
150 I9l 33 148 47 
200 180 19 146 17 
250 149 x7 130 19 
300 122 14 123 II 
350 114 12 119 9 
400 113 II 119 5 
450 119 2 116 7 
500 113 13 125 25 


The fact that there is an appreciable difference in the delays under the two condi- 
s that there was an interfering effect of the two response situation on the 
hen they were done in parallel. This effect could be 
to pay attention to the visual signal in order not 
having to inhibit a response before it became 


tions show: 
Single response situation w 
ascribed either to the subject having 
to respond to it, or to the effect of his efore 
overt, Further investigation would be needed to sort out these possibilities. 
On the other hand, the single response sessions performed on their own, two 
Months later, still show considerable delays at the two shortest intervals between 
Signals. This tends to indicate that delays arise not as the result of any response 
Produced interference (e.g. as in the proprioceptive feedback theory of Welford) oo 
as a result of the perceptual demands made on the subject. The writer ing el a 
these delays will occur whenever a subject’s attention is taken up, for aes a) 
Teason, whether or not an instrumental response to the a tenfionprovdiing R 
is made. In terms of the single channel conception of the human opera a 
channel becomes occupied (and hence refractory to other signals) by ay aaa 
“Novel,” intense) signal or by any signal which requires some form of ia a ae 
is division roughly corresponds to that between signals which are y 
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, ‘ P Š 
general biological importance (Broadbent 1953) and signals which are important fo 
the task in hand. 


The present writer's results support those of Fraisse (1957), who used a very 
similar situation. Visual-visual, audito: 


: 3 f 
used and in some experiments the subject was not required to respond to the first 0 
the two signals. The interval between si 


Fraisse reaches similar a 
is prolonged whether the first sign z 
) that there is still a considerable delay when ni 


g attention to the first signal, rather than the perform- 
ance of any overt response to it. 


The work is a continuation of a 
Fund by the M.R.C. and D.S.LR- 
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SOME FACTORS AFFECTING TASTE SENSITIVITY 


IN MAN. I: 
Food Intake and Time of Day 
BY 


ROY YENSEN 
From the Psychological Laboratory, Cambridge* 


In most studies involving taste stimuli it is assumed that the sensitivity of the taste 

mechanism is relatively stable. At the same time the results of some experiments with 
animals and man suggest that alterations in the ‘‘milieu interieur” may be accompanied 
by significant changes in taste sensitivity. Some of these reports are critically reviewed 
and the effects on taste sensitivity of certain changes in the general physiological state of 
the organism are described. 
: A highly reliable method of assessing taste sensitivity to the four basic taste qualities 
is developed. Taste sensitivity of human subjects is studied under conditions of normal 
food intake, during fasting and following variations in the caloric value of the lunch time 
meal, The effects on taste sensitivity of loss in total body salt and loss in total body water 
are also reported in the second and third papers respectively. 

Depletion of total body salt was induced by forced sweating coupled with a very low 
salt intake during the treatment periods. Water was allowed ad libitum. The general 
symptoms experienced by the subjects, recorded losses in body weight, and analyses of 
venous blood samples showed that definite losses in body salt were incurred by the subjects 
during these periods. 

Total body water was depleted by having the subjects refrain from any deliberate 
intake of water coupled with a diet of very low water content over treatment periods of 
up to 66hr. Again the general symptoms experienced by the subjects, the recorded losses 
in body weight and the results of analyses of venous blood samples showed that definite 
losses in body water were incurred by the subjects during these periods. 

In view of the need to control overall dietary intake and general routine over prolonged 
periods, it was found possible to carry out these experiments on only a small number of 
Subjects. Itis, however, felt that the lack of basic data in the problem under investigation 
and the need for intensive analyses, justifies a study on a smaller scale than is usual in 

S i iments. 

4 sige i indicate that in the fasting state slight fluctuations occur during the day 
in Sensitivity to all four taste qualities with greatest sensitivity at the 11.30 a.m. session. 
Systematic fluctuations also occur under conditions of normal intake of food. In the 
hour or so following a normal meal sensitivity is significantly depressed and increases 
again after 3 to 4 hr. The degree of decrease following a normal meal appears to be 
related to the caloric value of the meal. The smaller the caloric value, the less is the 
decrease in sensitivity. a á 

Loss of body nate is accompanied by a significant increase, and E a era 
a significant decrease in sensitivity to salt. These changes appear Sp 


ities other than salt. 
Cha: not effect the thresholds for taste qualities o t 
The peekable function of these sensitivity changes in relation to the homeostatic 


me i body is considered. ; 
ee anne that certain changes in the physiological state of the organism do 


i itivi i ie. time of day, dietary 
mfi sitivity and that, therefore, these variables (i.e. t i 
lataka, erty aaa cE: balance) must be controlled in studies involving taste. 


In the course of a recent investigation it was necessary to establish whether such 
factors as dietary intake and time of day are variables influencing taste sensitivity in 


man, 


* Now at the School of Applied Psychology, University of New South Wales. 
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Of the five relevant studies in the literature three (Goetzl et al., mosmi ete 
1951; Irvin and Goetzl, 1952) suggest that these variables probably do in be see 
r whilst the other two (Janowitz and Grossman, 1949; Meyer, 1952) y 
eg (1947) report that diurnal variations in olfactory acuity do ie 
and that they may be related to the sensation complex of appetite and a ae 
In an endeavour to check on this finding and to extend it to taste, oo ill 
Grossman (1949) determined the thresholds for the recognition of the tas Fe 
and of sugar and the smell of coffee at 10.30 a.m., just prior to the noon mea 


A e 
2 p.m. In another series of tests the effect of 10 mgm. of D-amphetamine on ape 
taste and smell thresholds was determined. They found “only minor variation 
the acuity of the sense of taste and olfaction duri 


ng the day” (p. 222), and concluded 
that these variations are not directly related to the presence or absence of hung 
sensations and appetite. 


However, Goetzl et al. (1950), after determining the threshold for sucrose at si 
am., II a.m., 1.30 p.m. and 4.30 p.m., report the existence of significant eae 
variations in taste sensitivity. In general, the pattern of variation showe = 
increase in sensitivity to sucrose from Io a.m. to Ir a.m. with a decrease at 1.30 oe d 
(if a normal lunch was eaten) and an increase at 4.30 p.m. When lunch was omit i 
the decrease in sensitivity at 1.30 p.m. did not occur. On the basis of this pattern 0 
variation and the subject’s reports of hunger before the noon meal andof satiety 


following it, the authors suggest a relationship between the sense of taste for sucrose 
and the sensation complex of a 


taste (hydrochloric acid), and vision (criti 
8 a.m., 11 a.m., I 


» I p-m., 2 p.m., and 4 p.m. 
of normal, large, 


- From his results Hammer concludes that 
“odor, taste, and flicker-fusi 


S Were such that n 
were factors which 
n for the thresholds of taste and smell Teported by Hammer ae 
ound by Goetz] et al i 

carried out successive t 
urly intervals during a 34-hr. fast by 9 subjects. He reports n 

anges were found for any of the three modalities” (p. 376). he 
difficult because of certain defects in tb 

edures used by the various j 


each of these studj 
will be noted. e studies, 


For example, so far as their reports: indi . 
s indi i an, 
et al. and Meyer did not p ports indicate, Janowitz and Grossm 


: z vas 
jects any practice before critical testing Wê 
se authors or 


threshold measures are reliable, 
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thus increasing the total number of threshold determinations for a given condition. 
The overall dietary intake and the general routine of the subjects was not fully 
controlled in any of these studies. Nor were the methods used to establish taste 
thresholds very satisfactory. Janowitz and Grossman and Hammer used a method 
based on Richter and MacLean’s (1939) “choice method no. 2.” In this method 
successive “tastes” of the stimuli are allowed without any rinsing and drying of the 
tongue and without any time lag between “tastes” to allow for recovery of the taste 
receptors. Such a method may well yield confusing results since a given “taste” 
of the test solution may be contaminated as a result of the state of the taste receptors 
due to the immediately preceding “taste.” Goetz] et al., Irvin and Goetzl, and Meyer, 
used a drop method of stimulation, but do not report any special precautions taken 
to ensure that the same region and area of the tongue were stimulated throughout 
testing. The great difficulty with the drop method is to ensure that the solution 
falls on the same spot and spreads over the same area each time the stimulus is 
delivered, for variations in the region and in the area stimulated result in variation 
in the threshold (Bujas and Ostojcic, 1941). 

The present communication reports observations on systematic fluctuations in 
taste sensitivity during the course of the day under varying conditions of dietary 
intake. More specifically answers were sought to the following questions:— 


(t) Do systematic fluctuations occur in taste sensitivity during the course of a 
normal day? 


(2) Are these fluctuations related to the intake of food? 


In this study taste sensitivity is assessed in terms of the absolute thresholds for 
taste of the accepted four basic taste qualities of sweet, salt, sour and bitter (Geldard, 
1953; Moncrieff, 1951; Pfaffmann, 1951). 

In view of the lack of conclusive evidence as to what variables are relevant in 
Studies of taste sensitivity, it seemed preferable, at this stage, to carry out intensive 
work on a small number of subjects over whom fairly rigid control of general routine, 
Overall dietary intake and general well-being could be exercised for prolonged periods. 


METHOD 

i i i 8 to 10 ml. of distilled water solutions of sucrose, sodium 
See pate 0. caffeine for the sweet, salt, sour, and bitter test solutions 
ture of all solutions was maintained within 20° to 215°C. 
te quality a series of solutions was mixed which ranged, 
elow to well above his threshold level under each condition 
ded in steps of concentration (grams of solute per 100 c.c. 
solutions. i 
The subject was instructed to respond in terms of the presence or absence of the specific 


taste quality under consideration. He was also enoourāsit. Le ee a any other aspects 
i i t i hich he felt mi; e re è 
i ae eee ee wien dcaakle a table with a large enamelled 


Duri ting the subject was sea 1 l ] 
une siteated a his side or just in front of him, wE fa a oi — 
Water and solution were expectorated into this funnel which mang c ag uta A Ae 
Container under the table. An 8 oz. glass and ample supplies of rinse wa z y eE 
table. Across the centre of the table a large screen was erected which shie! e e 
and hi a of test solutions from the subject’s view. The stimuli were passe SE 
is POT the subject who tasted them a T ean aa zopan te os ee a 
in front of him, from where it was retrieved by the tester. In ay ME e 
“ i tea of the strength or number of solutions being used, i 
fata pean Sete ket by the len At no time, even during roppa i testing, 
Was the subject told of the level of his threshold until all testing was OTP Te sabject 
Each senialas was presented individually in an I} oz. medicine gi = pervert e 
Sipped the entire contents of the glass and held it on his tongue, un 


chloride, sulphuric acid, 
respectively. The tempera’ 
during testing. For each tas 
fora given subject, from well b 
of testing. The series were gra 
Of solution) of 0-05 of a log unit for all test 
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i d 
i i i i lapsed, whichever occurre 
i ty under consideration or until 4 sec. had elapsed, ed 
oe gc) eters the fluid, rinsed his mouth with asna a ana peice 
bi i medi i ial the subject rinsed his mou 8 
isj ent. Immediately prior to each tria ject 1 ae 
i ec water and dried it by pressing his tongue against the roof of bis pein: = 
y vallowing. Allrinse water and test solutions were expectorated. Stimuli w ere p lva 
ma ascending order of concentration with a rest pause of 30 sec. between the une oat 
ing the previous trial and the rinse before the next trial. Thus the rate of presenta 
imuli was approximately one per minute. ; T p bi aA 
E Mae then, was for the subject to “rinse, dry his mouth, : taste, ie 
“report,” “rest,” “rinse,” and so on, as each stimulus was presented, until two = ih 
positive reports were made. In this manner four series of trials were administere 
the starting point of each run varied. At the dis 


appear to have any influence on sensitivit on (ey 
Prior to each session the subject rinsed his mouth very thoroughly with distilled wa 
During prolonged testing periods the subject carried on with his normal duties, but kep 
regular hours of sleep, meal times, etc., and avoided 


exertions. Unless the experimental purpose dictated 


as given practice sessions, until or 
tively stable under given conditio A 
e subject’s threshold was attained, crite 
as carried out without a break until 
particular experiment was completed. 

Reliability was checked b 


j f 
y calculation of the standard errors of the means ° 
threshold measurem 


ents taken during the various experiments. 


EXPERIMENT I 
Procedure 


I p.m., rise at 7.30 a.m.) and meal times (brea 


h 12-30 p.m., afternoon coffee 3.15 P7 4 
* ad A tie: 
Teeweetitea aa .) were kept by both subjects. They carried out their usual du 


4 jue 
3 ect H: typist; subject R: research student), The caloric va 
of the daily dietary intake from all sources for subject H was ei enn at approxima 7 
a a (consisting of about 36 per cent. carbohydrate 


» and for subject R t 
cent. carbohydrat ; fae 


intake at each m 


Results 


: e 
, I2 per cent. protein, 55 5 r 
3 2,650 calories (consisting of about 4 Jorie 
€, II per cent. protein and 43 Per cent. fat). The approximate c4 
Water was allowed ad libitum. 


2.15 p-m. and 4.45 p-m. (curve — with those gained at 11.30 a.m., 2.15 Pa 
4.45 p.m. (curve ....), it can be seen 


x 2 that the existing variations are not due t° 
effects of previous testing on the same day. 


a 
the 
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The results for each subject on each taste quality were analysed separately by 
Analysis of Variance (Guilford, 1950) and in all cases a significant variation (P < 0-01) 
between times of day was found. 


TABLE I 


CALORIC VALUES OF MEALS DURING “NorMAL” Test Days. 
Supjyects H anD R 


(Calculated from McCance and Widdowson, 1946) 


Caloric Value 

Meal H R 
Breakfast .. ore sis ae 510 760 
Morning coffee .. Ast Fs 85 125 
Lunch ie Sa am wi 660 810 
Afternoon coffee . . ste oe 85 125 
Dinner .. si ee e 760 830 
Total A sa) gaon 2,650 

FIGURE 1 


Concentration in scale steps of 0-05 log unit 
Per cent concentration (gms./100 cc of solution) 


9.00 11.30 2.15 4459.00 11.30 2.15 4.45 
i A.M. P.M. A.M. P.M. 
j k ” and “fasting” 
taste thresholds for subject H. (a) “normal” and 
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The patterns of variation during the day are similar for all taste qualities with both 
subjects in that all the 9 a.m. threshold values are significantly larger than either the 
11.30 a.m., 2.15 p.m. or the 4.45 p.m. values (t-tests; P< 0-01). and in all cases the 
4-45 p.m. values fall between the g a.m. and the 11.30 a.m. values (except for the salt 
4-45 p.m. value of subject R which is the same as his 11.30 a.m. value). There is, 
however, one difference. The 2.15 p.m. values on all qualities are larger than the 
11.30 a.m. values for subject R, whereas for subject H this is not so. It was thought 
that this may be due to the difference in the size of lunch consumed by the two 


subjects. Subject H had about 660 calories as compared with 810 calories for 
subject R. 


FIGURE 2 


Concentration in scale steps of 0:05 log unit 
Per cent concentration (gms./100 cc of solution) 
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From Figures 1b and 2b it can be seen that the 2.15 p.m. level of sensitivity is 
influenced by the caloric value of the lunch time meal and that there is, in some cases, 
a carry over of this influence to the 4.45 p.m. session. Statistical analysis of these 
results reveals that for both subjects, over all taste qualities, the ingestion of a large 
lunch resulted in a significant increase (P < 0-or) in the 2-15 p.m: threshold values, 
whereas the omission of lunch resulted in a significant decrease (P < 001) in the 2.15 
p.m. values as compared with the 11.30 a.m. values. For both subjects, on all taste 
qualities, the “normal lunch” 2.15 p.m. and 4.45 p.m. values lie between those of the 
“no lunch” and “large lunch” conditions (Figs. 1b and 2b). 

It appears, then, that taste sensitivity after the lunch time meal is influenced 
by the caloric value of the food ingested by the subject at that meal. This fact 
probably accounts for the difference in the patterns of variation between subjects 
H and R over the 11.30 a.m. and 2.15 p.m. sessions in Experiment I, i.e. it is suggested 
that, if subject H had, under “normal lunch” conditions, eaten a somewhat larger 
lunch, then her 2.15 p.m. thresholds would, as was the case for subject R, have been 
larger than her 11.30 a.m. thresholds. 


EXPERIMENT III 


As a further check on the influence of food intake and to see whether taste sensi- 
tivity varies with the time of day, independent of food intake, thresholds were deter- 
mined on subjects H and R in the fasting state at 9 a.m., II.30 a.m., 2.15 p.m. and 
4.45 p.m. Tests were made for 2 days on each of the four qualities with each subject. 
The test procedure was the same as that used in the earlier experiments. The sub- 
jects had their usual dinner on the evening preceding test days and then refrained ` 
from all food intake until after the 4.45 p.m. session (water was allowed ad libitum). 
The evening meal on the test days was as large as the subjects desired. Test days 
were separated by one day of normal food intake. The subjects reported feelings of 
increasing hunger and sometimes of lassitude and weakness towards the end of the 
fasting periods. 

The mean results for each taste quality are shown in Figures ra and 2a. It may 
be seen that these results differ considerably from those obtained under conditions 
of normal food intake. Two-way analysis of variance of the results from the “nor- 
mal” and “fasting” days showed a significant interaction (P <o-or) for all taste 
qualities with both subjects. Thus, the patterns of variation in taste sensitivity 
under these two conditions are significantly different. The influence of food intake 
on sensitivity is further shown by the fact that for all qualities and for both subjects 
the 9 a.m. “normal diet” thresholds are significantly higher (P <o-or) than the 


9 am. “fasting” thresholds. 


Analysis of variance of the “fasting” data reveals a significant variation 


ith ti j lities, except bitter for 
P : ith time of day for both subjects over all qual $ bit 
mie T "Similarity in the patterns of variation between taste qualities and 
between subjects exists in that all show a slight decrease from the 9 a.m. thresholds 
to the 11.30 a.m. thresholds, which are, in all cases, the lowest values recorded 
da a : . . 
Ei a reliable nature of the measurements made in these experiments is 
indicated by the relatively small standard errors shown in Table IT. 
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5 in and Goetzl (1952) for salt, 
1. (1950) for sweet, Hammer (1951) for sour and Irvin an 
om = ke to the results reported by Janowitz and Grossman (1949) and Meyer 
sai TABLE II 


‘ » DL sRGE 
MEANS AND STANDARD Errors OF SOME COMBINED DATA FROM “NORMAL, La 


Luncu” anp “No Luncn” Test Days. Susyects H Anp R 
pe D 


H R 
No. of S.E. S.E: 
Time determinations Mean* (of mean) Mean* (of mean) 

Sweet 

9°00 32 11-87 0-097 12°59 0-094 

11.30 40 8°75 0:092 8-75 0092 
Bitter 

9.00 32 16-31 0-130 10°53 orrl4 

13.39 40 12:52 0-103 7'27 0090 
Sour 

9.00 32 16-06 0-089 13°34 o-0gI 

11.30 40 13°37 0-088 II‘05 0:079 
Salt 

pte 32 24°56 0:089 2215 0-106 

aa 32 21°78 o-112 18-75 0-123 


The concentration corresponding to scale step o for salt = log 3-10 = 0-0013 per cent.) 
for sweet = log T-00 = o-1000 per cent.; for sour = log 4:00 = o-o0010 per cent.; ior 
bitter (Caffeine) = log 3-95 = 00089 per cent. 
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fatigue and feelings of lassitude associated with depletion of body salt did not have 
any generalized effects on the taste mechanism. In view of this finding it is felt that 
fatigue is probably not the factor responsible for the tendency of decreased sensitivity 
in the late afternoon. 

The observed fluctuations do not appear to be directly related to the nutritional 
needs of the organism in any simple manner, for after some 22 hr. of fasting the 
thresholds for all taste qualities are higher than after about 6 hr. without food 
(i.e. the 4.45 p.m. “fasting” thresholds are higher than the 2.15 p.m. “no lunch” 
thresholds). 

The intake of food appears to result in a fairly immediate decrease in sensitivity 
which is followed over the next 6 hr. with an increase in sensitivity. It also appears 
from the “normal lunch,” “large lunch” and “no lunch” results that the degree of 
change in sensitivity, following food intake may be related to the caloric value of the 
food. The greater the caloric value of the meal the larger is the subsequent rise in 
the taste thresholds (i.e. the greater is the subsequent decrease in sensitivity). Note, 
however, that the relative degree of decrease and increase following breakfast is 
greater than that following a normal lunch or large lunch, even though the morning 
meal is of less caloric value than the midday meal (see Table I). This may be due to 
the different physiological reactions of the body to a meal which is preceded by some 
12 hours of fasting (e.g. breakfast) as compared with those occurring after a meal 
preceded by about 4 hr. without food (e.g. lunch). 

Further investigation is required to discover the nature of the variables underlying 
these systematic fluctuations in taste sensitivity. In the meantime it is evident that 
the gross factors of time of day and food intake need to be controlled in studies 
involving taste. 


This investigation is part of research carried out by the author at the University of 
Cambridge for the Degree of Doctor of Philosophy. It was made possible by the grant of 
a Hackett Studentship from the University of Western Australia for which special thanks 
are due, The author is also indebted to Professor O. L. Zangwill, who supervised the 
research. 
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SOME FACTORS AFFECTING TASTE SENSITIVITY 
IN MAN. II: 


Depletion of Body Salt 
BY 


ROY YENSEN 
From the Psychological Laboratory, Cambridge* 


Mal-function or surgical removal of the cortex of the adrenal glands leads to 4 
severe loss of sodium chloride from t 
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it is reported that adrenalectomy did not lead to a lowering of the threshold. Harri- 
man and MacLeod concluded that “the thesis that salt homeostasis is maintained as 
a result of an automatic increase in salt sensitivity consequent upon salt deficiency 
is called into question. The broad fact of salt homeostasis is not challenged; but 
the nature of the behavioral support for salt homeostasis continues to be a question 
for research” (p. 471, italics by the present author). But this conclusion may not 
follow from the data reported. The discrimination learnt by the subjects in these 
studies is one of discrimination between salt solutions and water (Carr used tap 
water; Harriman and MacLeod used distilled water). It has been reported by Renq- 
vist (1919), Richter and MacLean (1939), Cox and Nathans (1953), and noted by the 
present author, that human subjects can discriminate between water and salt solu- 
tions at concentrations definitely lower than those required to elicit a salź taste. At 
the discrimination threshold a wide variety of experiences are reported such as 
“sweetish”’ ; “bitter” ; “sour” ; “‘smoother”’; “a chemical taste.” If such observations 
are relevant to the work of Carr and Harriman and MacLeod, then they have probably 
not gained data relating to absolute thresholds for salt, but to thresholds of dis- 
crimination between very low concentrations of salt solutions and water, which may 
be based on experiences other than a salé taste. The fact that Harriman and 
MacLeod report discrimination thresholds as low as 0:000025 per cent. concentration 
would tend to support the above suggestion. 

A different approach to the problem was made by Pfafimann and Bare (1950), who 
compared the strengths of the concentration of sodium chloride solutions just neces- 
sary to elicit an afferent impulse in the chorda tympani nerve of sham adrenalecto- 
mized and bilateral adrenalectomized rats. For both groups the critical concentra- 
tion was at approximately the same value. They concluded “that salt deficiency 
does not alter the sensitivity of the taste receptors” (p. 324). However, this con- 
clusion is based on neural records sampling activity in the chorda tympani nerve 
only and so not on the total sensory input from the taste field. In the second place, 
even if such records are a truly representative sample of the total gustatory input, 
they do not exclude the possibility of changes in taste sensitivity of a central rather 
than peripheral nature. In fact, ina more recent article Pfaffmann (1957) concludes 
that the changes in preference-aversion behaviour “under conditions that modify 
the physiologic state of the organism . . . reflect not a change in the peripheral 
afferent neural message but changes in its significance for central neural processes” 


(P. 147). 
To-date, then, the hypot 


panied by changes in taste sen: 


hesiš that partial depletion of salt in the body is accom- 
sitivity has not been adequately checked. The present 
<peri i h a check. 
rts the results of an experiment designed for suc 
e of animal subjects can only yield preference thresholds or thresholds of 
discrimination between a given solution and water, which (as noted above) do not 
necessarily indicate the absolute threshold for the given taste quality. For this 


‘ects were used in the present study. 
ig a is assessed in vied of the absolute threshold for taste of the 
accepted four basic taste qualities of sweet, salt, sour and bitter (Geldard, oe 
Moncrieff, 1951; Pfaffmann, 1951). Details of the method used to aeterna T 
taste threshold were presented in a previous report (Yensen, 1959) and will not be 
Tepeated here. 
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During the last 3 da; i 
: r t ys of the treatment j 
increasing tiredness and heaviness of the Tits, Even oi ht plies eee or 
ne upa flight of stairs, was extremely tiring and pet ae =e 
oncentration and motor co-ordination also seemed to bi Path y sn eee 
drinking of large amounts of water, both subjects ex eae pl! E Dapre the 
mouth and thirst, especially over the last 2 days. Pol ae Onna DS om Gt the 
No marked disturbances of sleep occurred at any Geen ee ee 
experienced occasional spasms of cramp in the leg iene F either subject. Subject R 
Seo OERE ENDA, es during the last 2 days of the 
Neither subject found great diffculty i i i i 
the salt-free bread rather unpleasant. piece ea aia except that both found 
ally eaten with salt tasted unusual, but not noticeably differ al foods which are noxmn= 
without salt under normal conditions. For example Fitna t oo m the way they taste 
a trace of sweet; beans slightly sweet and sour and stewed beef ee ee 
eee meaty” taste. Foods which are normally eaten without aaa S a Puhuin a 
P E oney, sugar, roasted peanuts) did not taste different. A) are salt (eg apples, 
a imes that some of the food would probably “taste cor with reat a agen Desi 
= salt were Soft by eber abject: some salt’’ no cravings 
n the first experiment recovery w i i 
y was relatively slow. Salt intak i 
mee 7 2 gm. per day for the first 4 days of the recovery period. After this Se ek 
Ki out ro gm. per day) was allowed. Despite the drinking of r i 
omi of water both subjects had recurring thirst during the first hed polyoma which 
e polyuria declined. The feelings of extreme fatigue lessened gradually and b th 
ai day both subjects felt completely recovered. dee 
ecovery in the second experiment was quite rapid. The salt intak 
i e was about 22 gm. 
pe aay over the first 2 days, 18 gm. on the third day, after which normal intake ves 
ee 1, Each subject took ro gm. of salt with the first meal of this period. It led to 
: most immediate relief of the feeling of heaviness in the arms and legs and noticeable 
lessening of the fatigue which both subjects had experienced over the preceding days. 
cute thirst was present despite considerable drinking and the passing of very small 
volumes of urine over the first day. This marked retention of water following the high 
salt intake is reflected in the increases in body weight in both subjects. In the 20 hr. 
following this first salt meal subject H gained 2-05 kgm. and subject R 2:3 kgm. i 
3 It is evident from the following points that both salt depletion and a mild state of salt 
eficiency were induced during the later stages of the treatment periods. (Salt depletion 
refers to a reduction in the total salt content of the body; salt deficiency refers to a drop 
in the sodium concentration in the extracellular fluids (Peters, 1952).) 


The low intake of salt: an average of less than 0-2 gm. NaCl per day over these 


periods. 

2) The renal output of salt over the first few days would undoubtedly be much greater 
than the input. 

(3) The additional extra-renal losses of salt through sweating. 

) The symptoms reported by the subjects. 
5) The losses in body weight, despite the cons 
and the drinking of large amounts of water. 

6) The extremely low chloride content of the urine a 
periods. 

7) The fairly rapid gains in body weight foll 
the recovery periods. ‘ 

8) The fall and rise in the serum-sodium and plasma-chloride concentrations during 
the treatment and recovery periods of the second experiment. 
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f 
i is i t so for salt. The results o 
i i from Figures 1 and 2 that this is no $ 

tti a R g ths emae period thresholds and those at iie x 4 y : o k 
ea! i j igni i Table II). In othe , 

ds show a highly significant difference ( 

To taste sensitivity to salt significantly increased (i.e. the threshold 
decreased) during the treatment periods of these experiments. 
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* All significant beyond x per cent. level, df. = 38 
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which were mildly salty under normal conditions were stron; i i 
ly ; { er and quit 
salty under conditions of increased sensitivity to salt. - series 
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Per cent concentration (gms./100 cc of solution) 


“bitter,” “sweet” and “salt” during 
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for bitter 


Supyects H anD R 


No. of Mean in SE. 
Subject Source det. scale steps (of mean) 

Salt, Control, Experiment I 24 21°87 0178 

Sour, Experiment I 76 16:29 0'070 

H Sweet, Experiment 2 72 I1:50 3:037 
Bitter, Experiment 2 72 12:29 so 

Salt, Control, Experiment 2 24 23°75 o:161 

Salt, Control, Experiment I 24 19°79 0'153 

Sour, Experiment 1 76 10-01 0'075 

R Sweet, Experiment 2 2 8-28 0'074 

Bitter, Experiment 2 72 10°58 0:104 

Salt, Control, Experiment 2 24 20°25 0'137 
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Discussion Scene 
Since no effect on the sour, bitter or -o mo par kere : ial 
conditions had no generalized influence on i 1 
eo ai the definite fatigue and other symptoms Nao during the 
later stages of the treatment periods had no influence on taste an yi T m 
Comparison of the rates of increase in sensitivity to salt during E rS EE 
treatment periods shows a tendency for the rate to be greater during 


ful and longer (i.e. the salt losses were probably greater during the early stages = 
second treatment period). It is suggested that the more rapid increase in sensiti 4 
was due to the greater losses of salt during the earlier stages of the second treatme 


There is also a marked difference in the rates of return to normal threshold levels 


ween the rates of increases and decreases in sensitivity 
during the two experiments Suggest that, within limits, Sensitivity to salt may be 


related to the degree of salt losses. This Suggestion is also supported by the following 
observation. It is fairly reasonable to assume that there were Progressive increases 
in the amount of total Salt losses over the first half of the treatment periods, During 
this time both subjects showed Progressive increases jn sensitivity to salt, 


Some of the factors which varied during the treatment periods will now be con- 
sidered. 
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state of salt deficiency, Į ither one of these variables, or an cing’ 
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loss of water is from intracellular fluid) accompanied by a slight rise in the sodium 
concentration of the extracellular fluid. If a reduction in the volume of the extra- 
cellular fluid is the variable underlying changes in sensitivity to salt, then a period of 
water deprivation should result in increases in sensitivity to salt. 

There was another variable present during the treatment periods, namely a very 
drastic reduction in the amount of salt stimulation of the taste receptors. The 
very small quantities of salt which were present in the food were not sufficient to 
elicit a distinct salt taste during eating. The amount of salt stimulation of the taste 
receptors during threshold determinations was extremely small (i.e. at the most ten 
salt solutions around threshold levels were tasted daily). It is possible that this lack 
of stimulation may have been responsible for the observed changes in sensitivity to 
salt. If this is so, then sensitivity to salt should not vary during a period of water 
deprivation, provided normal use of salt is allowed. 

Before entering on further discussion of the results presented in this paper, it 
seems desirable to ascertain which of the three variables outlined above most probably 
underlies the observed changes in sensitivity to salt. Details of an experiment 
designed to check the influence of depletion of total body water on taste sensitivity 
will be presented in a further communication in which the present results will be 
more fully discussed. A 4 P 

One point remains to be stressed, namely that from the results gained in this 
study and in a previous report (Yensen, 1959), it appears that the taste mechanism 
is of such a nature that taste sensitivity is influenced by certain changes in the 
physiological state or “milieu interieur” of the organism. Especial care needs to be 
exercised to ensure control of these variables in all studies involving taste. 


This investigation is part of research carried out by the author at the University of 
Cambridge for the Degree of Doctor of Philosophy. It was made possible by the grant of 
a Hackett Studentship from the University of Western Australia for which special 
thanks are due. The author is also indebted to Professor O. L. Zangwill who 


supervised the research. 
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4 
SOME FACTORS AFFECTING TASTE SENSITIVITY 


l IN MAN. III: 
Water Deprivation 
BY 


ROY YENSEN 


ha 
i From the Psychological Laboratory, Cambridge* 

In a previous article (Yensen, 1959b) it was shown that forced loss of salt from the 
body due to a very low salt intake and sweating, is accompanied by an increase in 
taste sensitivity to salt, but that no changes occur in sensitivity to sweet, sour or 
bitter. It was suggested that the observed change in sensitivity to salt may be due 
to a reduction in the volume of the extracellular fluid; to a lowering of the sodium 
concentration of these fluids; or, to a lack of salt stimulation of the taste receptors. 
The relative importance of these three variables might be ascertained from a study of 
taste sensitivity during a period of water deprivation. 

A study relevant to this problem is that of Young and Falk (1956), who report 
on the preference behaviour of thirsty (water deprived for 17} to 19 hr.) and non- 
thirsty rats towards salt solutions. They found that non-thirsty rats showed definite 
preferences for salt solutions up to 0-75 to 1'5 per cent. concentration and some 
acceptance of hypertonic solutions. Thirsty rats completely rejected hypertonic 
solutions and tended to prefer water rather than any of the weaker salt solutions. 
Salt deficient rats exhibit marked increases in their preferences for both hypertonic 
and hypotonic salt solutions. Thus it may be said that the preferences shown by 
water-deprived rats towards salt solutions are the direct opposite of those shown by’ 
salt deficient rats. Since it has been shown that depletion of body salt is accompanied 
by an increase in taste sensitivity to salt, it might be expected on the basis of Young 
and Falk’s results that depletion of body water will be accompanied by a decrease in 
sensitivity to salt. 

The present paper reports the 


prediction. ; 
Details of the method used to determine taste thresholds were presented in a 


previous report (Yensen, 19592). A slight modification to that method was intro- 
duced in this study. During preliminary practice sessions subjects were instructed 
to develop a method of rinsing and drying the mouth which reduced toa minimum 
the amount of fluid swallowed during testing. This was achieved by the subject 
spitting out as much as possible of the fluid remaining in the mouth after rinsing. 
Nevertheless, some very small amounts of fluid were undoubtedly swallowed during 


testing. 


results of an experiment designed to check this 


PROCEDURE 


s that food intake influences taste sensitivity (Yensen, 19594), wE 
i t this factor be controlled, as much as possible, during the period o wate 

bine This means that fluid intake cannot be completely eliminated. However, 
it can b drastically reduced by choosing a diet with a very low water content and refrain- 
ing fota any fluid intake apart from the amounts present in the food and released during 
oxidation. 


* Now at the School 


Since it appear: 


of Applied Psychology, University of New South Wales. 


| 
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condi . TI Tacel 


sessions for determining thresholds fors > 1 acta H 
ditty a each subject. Four determinations were made in each session. Subjec 


„m. 
esholds at 9 a.m. and 4-45 p.m. and for sour at 2.15 P 
To fit in better with their normal duties, subj 


30 
bjects J and C were tested at 9am. eaten 
a.m. for salt and at 2.30 p.m. for sour thresholds. The two sessions per day on sa 


i iurna 
er experiments on diur: 


as shown in Table I, The 
under normal conditions, i ny: 
the treatment period as com d recovery periods, In or fad 
i easonably acceptable, the 


; In’ 
ightly reduced and that of fat Slightly increased. 
general, the dry diet consisted of “Ryyj 


er, 
yvita,” digestive biscuits, cream crackers, butt 
cheese, milk chocolate, bacon and dati i 


TABLE I 
CALORIC VALUES* AND TIMES or Meats _— 
Times Calories 
sn ee ea 
Meal H R c J H | R C I ee 
Breakfast (a.m.) ais 23) PASI 745) Bigg 7°45| 510 760 | 650 oer 
Morning tea (am.) ., ‘+| 10.15] 10.15 10.30 85 125 2S 
Lunch (p.m.) =; Sà ++! 12.30] 12.30 12.40] 12.40| 660 810 860 9 o 
Afternoon tea (p-m.).. è 3-15] 3.15 4.00| 4.30 85 125 65 15 
inner (p.m.) ‘ap. 7:00] 7.00 5-45] 7.00 760 


o 
a 830 | 875 ae 
Total calories per day 2,100 | 2,650 | 2,450 | 2,84 
i —— 
* Calculated from McCance, RA, and Widd Si 
Composition of Foods, 2nd Ed, L $ ene 


The procedures duri 


se 
x ting the treat t peri i P om tho 
used for subjects J ang ¢ ment periods differed for subjects H and R fr 


: Or sweating sessi ubjects H an 
s re either of the latter Subjects was avallaiie Whelan 

For subjects H and R the Period of water depri 
day and ased rei II.30 a : 
carried out in a hot room a 95° F. wet bulb and 105° F 
p.m. on the first day of the treatm X Both nee sweated freely during mO% 
of this session. Apart from the very small quantities whi pier 
during testing, no fluid was take ing this Period of 51 hr, Over this period intakes 
lost 3-150 kgm. in body weight, The total water in 


Sa 
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from food and oxidation during the treatment period were 659 c.c- for subject H and 834 
c.c. for subject R. Samples of venous blood were taken on the days shown in Table II 
which also shows the serum-sodium and plasma-chloride concentrations and the haemato- 
crit percentages on these days. 

During the treatment period both subjects noted a considerable reduction in the volume 
of urine passed during the first day. On the second day and morning of the third day only 
very small amounts were voided. Both experienced progressive increases in dryness of 
the mouth which became extreme during the later stages. The chewing of gum relieved 
this during the earlier part, but was later ineffective. Increasing tiredness and irritability 
were also reported, although sleep was not noticeably disturbed on either of the two nights 
during this period. On the first day the desire to drink was not very strong, but this 
gradually increased to a very strong desire in both subjects towards the end of the period. 
The first few meals of dry food presented no great difficulties, but subsequently they were 
rather unpalatable and at times slightly nauseating. Both subjects found it extremely 
difficult to eat the full amount prescribed for the last two meals and, in fact, at breakfast 
on the final day both left a small amount (about 1 oz. of Ryvita each). Swallowing the 
dry food was difficult and most unpleasant. It was necessary to rinse the mouth after 
meals to rid it of food particles. i 

At the beginning of the recovery period (i.e. 11.30 a.m. on the sixth test day) subject 
H drank two large glasses of water straight off and a third soon after which greatly 
relieved her thirst. Between this time and 9 a.m. on the following day she drank a total 
of about 3} litres of fluid. Subject R drank three large glasses of water immediately and 
felt considerably relieved. By 9 a.m. on the following morning he had taken nearly 5 
litres of fluid. The urine volumes of both subjects were “about normal” on the first 
morning of the recovery period. . 

The treatment period for subject C started at 6 p.m. on the third test day and lasted 
until 12 p.m. on the sixth test day. No fluid was deliberately taken during this period of 
66 hr., over which he lost 2-900 kgm. in body weight. The total intake of water from food 
and oxidation was 837 c.c. The results of analysis of venous blood samples taken during 
the experiment are shown in Table II. In general, the experiences of subject C during 
the treatment period were similar to those of subjects H and R. However, he did not find 
the dry diet quite so objectionable. At the beginning of the recovery period he drank 3 
glasses of water and by 9 a.m. the next morning had taken nearly 4 litres of fluid and felt 


“quite as usual again.” 


TABLE II 
CONCENTRATIONS OF SODIUM IN SERUM, CHLORIDE IN PLasMA AND HAEMATOCRIT 
PERCENTAGES* 
ee ————————————————————————————EEEE——— 
Serum-sodium Plasma-chlovide Haematocrit 
(m.equiv./l.) (m.equiv./l.) (per cent.) 
Day of 
experiment R H R H R H 
I I 109 112 
è 160 a 118 115 48:7 44:9 
4 148 146 107 III 484 44° 
9 148 144 108 110 46°5 40°9 
vi C J C i C 
z I 
I 13 109 104 50°1 45° 
3 Pn a III 113 519 46:7 
8 144 14 110 108 49°2 46I 


e, Department of Experimental Medicine, 


Prof. R. A. McCanci 
* Thanks are due to Pro; ysis of these samples. 


University of Cambridge, for arranging the taking and anal 


2 i vit j ndoned. Towards 

n the experiment with subject J had to be abai 3 

th A ree ape G of water deprivation he developed a headache anda sr RS 
ie pie ae felt rather unwell. Since it was unlikely that these symp 
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due to some 16 hours of water deprivation, medical advice was sought and the a a 
was rehydrated. He felt off colour for a few days, but agreed to a repeat of the experimen 
ut a week later. 

eae practice testing and a 3-day control period subject J began his second 
treatment period at 9 p.m. on the third test day and refrained from deliberate fluid intake 
until 10.30 a.m. on the sixth test day. (Subjects C and J were not continually supervise: 

during the treatment periods, but apart from other considerations, the recorded losses an 
body weight and the observed changes in blood samples strongly support the author's 
belief that they faithfully carried out the experimental instructions.) During this period 
of 6r} hr. J lost 2-250 kgm. in body weight. His total intake of water from food and 
oxidation was 1,000 c.c. The results of analysis of venous blood samples taken during the 
experiment are shown in Table II. His experiences of thirst, dryness of the mouth and 
decreases in urine volume over the treatment period were similar to those of the previous 
subjects. He found the dry diet unpleasant and difficult to swallow, but ‘managed to 
eat” all of it, except half a digestive biscuit at breakfast on the fifth test day. J’s sleep 


At the beginning of the recovery period 
By 9 a.m. on the next 
d felt “quite all right this morning.” 

That losses in body water were experien 
periods is evident from the following points: 


(1) The very low intakes of water during this period. 

(2) The losses and gains in body weights during the experiment. 
(3) The changes in blood composition (Table Il). 
(4) The symptoms experienced by the subjects. 
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Mean daily thresholds for « 
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: REsutts 
The mean daily thresholds for S 


our of „each subject are shown in Figure > 
ow a significant variation between the conto» 
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The mean thresholds for salt at each session are presented in Figures 2 and 3. 
The threshold of all subjects showed marked increases during the treatment period. 
The results of t-tests between the g a.m. thresholds of the control periods and the last 
two days of the treatment periods show these differences as highly significant 
(P < oor) for all subjects. It appears, then, that the periods of water deprivation 
resulted in significant decreases in sensitivity to salt for all subjects. 


FIGURE 2 FIGURE 3 
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Concentration in scale steps of 0-05 log unit 
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Concentration in scale steps of 0-05 
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Mean daily thresholds for “salt” during Mean daily thresholds for “salt” 


the “control,” “treatment” and “recovery” during the “control,” “treatment” 
periods. Subject H: 9a.m.,----4.45 and “recovery” periods. Subject C: 
p.m.; subject R: —-—+ 94.m.; eere 4-45 9 am.; ---- 11.30 am; 
p.m. subject J: —.—.9a.m.;..... 11.30 

a.m. 


The concentration corresponding to scale ; l 
step o for salt = log 3:10 = 0-0013 per cent The concentration corresponding to 


scale step o for salt = log 3.10 = 
0-0013 per cent. 


ts show a significant difference (P < oor) between the , 
hresholds for subjects J and C and between the 9 a.m. 
Hand R. This finding supports earlier results 
t variation in taste sensitivity during a day of 


The control period resul 
9 a.m. and the 11.30 a.m. t 
and 4.45 p.m. thresholds for subjects 
(Yensen, 1959a) showing a significan 


normal food intake. G , tona 
This variation with time of day has persisted during the treatment and recovery 


periods over which in every case the 9 a.m. thresholds are larger than those taken e 
in the same day. As Figures 2 and 3 show, the size of this variation has not pee 
constant during these periods. This is probably due to the fact that the tendency 
for the threshold to decrease from the 9 a.m. to the later session was partly ami 
acted by the tendency for it to increase due to the increasing loss of body bc T 
appears, then, that the variations due to food intake were still present, even w = u 
level of the threshold had increased markedly during the treatment periods. 7 
the factors behind the influence of food intake which occurs over a 


at ‘ 2 
pe ian lities, are independent of the factors causing the above changes 1m 


four taste qua 


itivi It. oe ty =o 
os o e of the reliability of the threshold determinations in these experi 


ments may be found in Table Ill. 
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TABLE III 
MEANS, AND STANDARD ERRORS OF THRESHOLD MEASUREMENTS 


9-00 ‘‘Control’”’ salt Sour 
S.E: S.E. 
Subject No. det. Mean* (of mean) No. det. Mean* (of mean) 
H 12 24°58 0-148 36 12°89 0-099 
R 12 22:08 0-148 36 11-81 0-096 
E 12 26°17 | O-14I 32 13°62 0'097 
J I2 16:66 0-166 32 8-22 0-120 


* In scale steps. 


The concentration corresponding to scale step o for salt = 


log 3-10 = o-0013 per cent., 
and for sour = log J-00 = 0-o0010 per cent. 


Discussion 
Let us now compare the influence on taste sensitivity of the depletion of body salt 
with that of the depletion of body water. 
The former results in an increase and the latt 
whilst in both cases sensitivity to the other tast 
In a previous article (Yensen, 1959b) i 


er in a decrease in sensitivity to salt, 
e qualities remains unchanged. 


renal outputs of water in sli r 
olivar fai one tee These Tesult in slight decreases in the volume of extra 
the secretion of ADH Which ri 
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counteracted by the movement of water from the cells into the extracellular fluid. 
The final picture after 2 to 3 days is a definite reduction in the volume of the intra- 
cellular fluid, a slight reduction in the volume of the extracellular fluid and a rise in 
the osmotic pressure of both. (This brief summary is based on McCance, 1936; 
Black eż al., 1944; Gamble, 1950; Peters, 1952; Fulton, 1955.) 

Thus in both experiments there were reductions in the volume of the extracellular 
fluid. i Since the changes in sensitivity to salt were in opposite directions during these 
experiments, it would appear likely that the changes in volume per se of the extra- 
cellular fluid were not the main cause of the changes in sensitivity to salt. On the 
other hand, the tendencies for the sodium concentrations in the extracellular fluid to 
fall during salt deprivation and to rise during water deprivation parallel the changes 
which occurred in salt thresholds. This suggests that there may be a relationship 
between the sodium concentration of the extracellular fluid and sensitivity to salt. 

It is interesting to consider the probable function of these changes in sensitivity 
to salt as part of the organism’s reactions to variations in its physiological state. 
Under the conditions in which these sensitivity changes occurred the initial stimulus 
to some of the physiological reactions of the organism was the tendency for the os- 
motic pressure of the extracellular fluid either to fall (forced loss of salt) or to rise 
(loss of water). One of the main effector organs for the physiological reactions which 
result from such changes in the osmotic pressure of the extracellular fluid is the 
kidneys. However, as Robinson (1954) states: “The kidneys can only regulate the 
osmotic pressure of the extracellular fluids if the diet provides an adequate intake of 
water and sodium salts” (p. 121). Since the kidney can only regulate effectively if 
the dietary intake is adequate, there would presumably be little biological value from 
an evolutionary viewpoint in the development of such a complex organ unless there 
was also some mechanism which could influence the intake of water and sodium salts. 
Following losses of salt the intake of salt obviously needs to be increased. After 
losses of body water the intake of water needs to be increased, and, under normal con- 
ditions, the thirst mechanism brings this about. However, if water is not available, 
further salt intake would appear undesirable. For to check further rises in osmotic 
pressures of the extracellular fluid the additional salt has to be excreted and this 
usually requires the excretion of additional amounts of water, which the organism 
is already striving to conserve. r PRET 

Tt is suggested, then, that the observed changes in sensitivity to salt are probably 
part of a mechanism which, in the absence of overriding psychological factors, would 


regulate the intake of salt. 


That such a mechanism does exist is suggested by the results of work on rats. 


Untreated adrenalectomised and sodium deprived rats show marked increases in their 
intake of salt (Richter, 1936; Bare, 1949; Thomson and Porter, 1953; Epstein and 
Stellar, 1955). They drink more from all concentrations of salt solutions, ranging 
from about 0-003 to 6 per cent., than do normal rats. (As a result of this the prefer- 
ence threshold of the salt-needy rat is lower than that of the normal rat, e.g. 0°003 
per cent. adrenalectomized, 0'055 per cent. normal: Richter, 19394.) = 
Carpenter (1956) states that “water deprived sus drink less NaCl solutions 
(p. 143). Young and Falk (1956) have shown that thirsty rats completely reject 
salt solutions of 3-0 and 6:0 per cent., but non-thirsty animals occasionally accept 
them” (p. 575): Stellar et al. (1954) state: “Dehydrating animals by water depriva- 
tion will have the same effect on the preference-aversion curve as will Br 
solutions introduced into the stomach—i.e. elevating the drinking of Se we 
hypotonic solutions, and depressing the drinking of hypertonic snort. by 
Adolf (1943) found that rats deprived of water for 1 to 2 days drank very 
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given 24 hr. access to hypertonic salt solutions, but when given hypotonic solutions 
they drank about twice as much as when water was offered. He states: “By ingesting 
double the usual volume, they thus paid off the debt of body water and at the same 
time were able to eliminate the salt taken in this drink” (p. 29). Thus, after losses of 
body salt, the rat often increases its intake of salt and decreases it following losses of 
body water. Weiner and Stellar (1951) report that the preference-aversion behaviour 
of normal rats does not depend on previous experience with salt and that it shows up 
in the rate of drinking within the first 5 min. of contact with the most preferred 
solution. Epstein and Stellar (1955) have shown that the increased intake of the 
adrenalectomized rat is not dependent on post-operative experience with salt. Both 
Richter (1939) and Pfafimann (1952) have shown that the preference behaviour to 


salt solutions is considerably impaired by partial denervation of the taste 
receptors. 


intake appear to be part of the organism’s 
SMO] Te peta ntration of the extracellular fluid and would 
assist in maintaining isotonicity of the body fluids. Further work is required to 
elucidate the nature of (1) the mechanism responsible for the changes in sensitivity 


to salt, and (2) the mechanism responsible for th in i i 
; e changes k alt which 
appear to accompany the changes in sensitivity, AE REN 


Hartridge (1945), Young (1938, 1941, 1949), Richter et al. (1938) and Richter 
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» using the salt appetite of the adrenalectomized 
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through the membran i 
concentration” (p, 74). and thus stimulate the taste buds at a lower 


A ii È Un : $ Roa! jon 
for saying , in Partseular the sodina a. ia Gye atances there is no jee 
of the lowered osmotic pressure of the ICF, the sodiu, 2WEVET, it could be tha aig 
readily diffuse through the cellular : tum ion, among other ions, may 


mem F jon 
in Richter's statement, namely than the canes, There is a further unverified assumpt!? 


| 


FACTORS AFFECTING TASTE SENSITIVITY: III 247 


However, Pfaffmann and Bare (1950) did not find this to be the case. They deter- 
mined the strength of the concentration of sodium chloride solutions just necessary 
to elicit an afferent impulse in the chorda tympani nerve of sham adrenalectomized 
and bilateral adrenalectomized rats. For both groups the critical concentration was 
at approximately the same value. They concluded “that salt deficiency does not 
alter the sensitivity of the taste receptors” (p. 324). 

It is interesting to note that in the present study and in the salt depletion experi- 
ment the changes in sensitivity to salt took place when there were changes in the 
total osmotic pressure of the body. These changes in osmotic pressure would un- 
doubtedly be accompanied by some change in the physicochemical composition of 
the taste cells. Within the limits that they occurred, these changes did not appear 
to affect the sensitivity of the taste receptors for sweet, sour or bitter. Further work, 
in which the nature and the extent of the changes in the taste cells are investigated, 
is necessary before the implications of this finding for theories of taste cell stimulation 
can be worked out. 

From the results of this and earlier studies (Yensen, 1959@,)) on taste it appears 
that taste sensitivity is influenced by certain changes in the physiological state of the 
organism. Hence the assumption, often made in studies involving taste, that the 
stimulus properties of a given taste substance are relatively constant is not correct. 
For the constancy of the stimulus properties of a given stimulus is dependent not 
only on invariance in the stimulus itself, but also on a lack of variation in the sensi- 
tivity of the receptor mechanism concerned. Since certain changes in the physio- 
logical state of the organism appear to influence taste sensitivity, it is essential that 
these variables (i.e. time of day, dietary intake and salt and water balances) be 
controlled in studies involving taste. 


This investigation is part of research carried out by the author at the University of 
Cambridge for the Degree of Doctor of Philosophy. It was made possible by the grant of a 
Hackett Studentship from the University of Western Australia for which special thanks 
are due. The author is also indebted to Professor O. L. Zangwill, who supervised the 
research. 
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SHORTER ARTICLES AND NOTES 


SIZE CONSTANCY EFFECT DURING ANGULAR AND 
RADIAL ACCELERATION 


BY 


T. C. D. WHITESIDE and F. W. CAMPBELL 


From the Institute of Aviation Medicine, Farnborough and Physiological Laboratory, 
Cambridge 


Gregory, Wallace and Campbell (1959) have referred to experiments on apparent 
change of size of after-images carried out in the human centrifuge. Two points 
dealing with these experiments call for further clarification. 

First, the acclerations to which one is subjected in a centrifuge are principally 
radial, whilst angular accelerations play a relatively small part, especially if the 
head is fixed. Thus the “3g” acceleration which the subjects experienced was a 
linear and not an angular acceleration. 

The second point is that the sensation of “tumbling” which is experienced when 
the centrifuge begins to slow down towards the end of a run, is caused in part by the 
angular deceleration of the arm of the centrifuge and in part by the gondola swinging 
down towards its vertical stationary position. This displaces the head with reference 
to the plane of rotation and it is this change in head position which increases stimula- 
tion in one pair of semicircular canal receptors whilst decreasing the stimulation in 
another pair. The position of the subject in this particular experiment resulted in 
a tumbling sensation forwards. It was only during this stage of the experiment, as 
pointed out by the authors, that the after image appeared to increase in size. 

Since the tumbling sensation is caused by stimulation of the labyrinth, the 
associated reflexes of vertical nystagmus and of postural responses may well have 
played a part in the apparent alteration in size of the after image, for the involuntary 
postural change associated with the sensation of tumbling forwards is to throw 
oneself backwards. This reflex response would be associated with movement 
backwards of the head, and may thus be directly responsible for the observed results 
in this, as in other experiments where the head was moved backwards voluntarily. 

We may conclude that an increase in linear acceleration applied to a subject in 
the centrifuge is not in any way associated with variations in size of the after-image 
providing changes in head position relative to the plane of rotation are excluded. 
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BOOK REVIEWS 


Personality and Motivation Structure and Measurement. By R. B. Cattell. London. 
Harrap. 1958. Pp. xxiv + 948. 55s. 

Cattell presents here the fruits of some thirty years’ work in the field on personality 
and impresses from the start by sheer weight. “As an example of what can be achieved 
by pertinacity and organization, this book commands one’s admiration, the amount of 
effort and patience which must lie behind his nine hundred and fifty pages is staggering. 

His work is impressive, too, as exhibiting very clearly the principle that the 
systematic use of machines in computation makes Operations possible on a scale which 
was unthinkable without them. It is to Cattell’s credit that he has grasped and taken 
advantage of these facilities on a magnificent scale, 
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a valuable discussion of the relationship between the two. He brings out the dependence 
of Q’-data on the sincerity of the subject and coins the useful term “motivational 
distortion”, but Q-data scores, even when we are aware of the risks, remain regrettably 
“motivation-situation sensitive.” 

In fact, Cattell never uses Q’-data but works throughout with Q-data. There is no 
reason why he should not, since the procedure of factor analysis works in terms of correla- 
tions between scores on test-items, the names and meanings of which are not involved 
at any stage of the computations. At the end, however, of this analysis, Cattell not 
only names his factors (so many of the names being deliberate neologisms, problems of 
meaning are largely avoided), but goes on to give examples of the items which are most 
heavily loaded with these factors. By thus using the meaning of the items in the 
description of the factors, he must be assuming that the items have meaning for himself 
and his readers. If he really means, as he says, that “no dependence is placed on the 
ordinary meaning of language,” then there ought to accompany the tables of items, which 
are given with the factor names, the special meanings which as he says, ‘‘must be deter- 
mined by experiment.” It is by no means clear what, then, happens if the items mean 
something different to Cattell and to his subjects. 

The distinction between Q and Q’ is nevertheless an important one and one which 
is not always recognized in work with questionnaires. 

A similar point arises in connection with T-data, and here again the issue is one which 
experimental psychologists neglect at their peril. T-data are derived from objective 
tests; the definition given here of such tests is somewhat narrow, but contains the 
important provision that the subject shall not be informed as to how the test is scored. 
To put the matter another way, the subject is “told what he should try to do but not 
what this will be taken to mean about him in terms of his self concept.” It is easy 
enough for Cattell to adopt this position and to claim that his subjects act without informa- 
tion, but it is perfectly obvious to anyone who has conducted psychological experiments 
that a subject nearly always has ideas of his own as to what his performance is for, and 
that his ideas can materially affect his performance. Cattell has introduced the concept 
of motivational distortion for questionnaires, and it seems almost unbelievable that he 
should not be aware of the importance of this factor for objective test results, whether 
one talks of motivational distortion or of the “private instructions,” in terms of which 
a subject carries out a test, however straightforward and explicit the public instructions 
may seem to be. It is just at this point that co-ordination of the three streams of 
information, referred to above, could be so informative and where Cattell seems to have 
discarded or shut his eyes to such crucial material. It is worth remarking that Thurstone 
drew attention to the risk of subjects misunderstanding questions or interpreting them 
in a way not envisaged by the investigator. 

Cattell dismisses a number of such difficulties by claiming that he was working 
throughout with “normal co-operative subjects.” It is legitimate for Cattell not to be 
concerned, at this stage, with the problem of producing methods and material which 
could be applied to ordinary people in ordinary life situations. It is not unreasonable 
to attempt to tackle the problems of personality and motivation on a vast laboratory 
scale and it is just possible to suppose that this is comparable to the study of behaviour 
of physical objects im vacuo, What is more difficult to suppose is that observations, on 
Such a scale as is clearly indicated in this book, can possibly proceed in such a way as 
not to produce, in the subject (and in the observer), an entirely special and artificial 
outlook and set of responses. It looks as if the power of the machines at Cattell’s 
disposal may well outrun the power of the human being to respond or observe. Another 
feature of the virtually unlimited capacity of the laboratory to handle data is to be seen 
in the specification equations which can be elaborated in relation to any performance. 
As these lengthen out to contain more and more variables, their meaning becomes cloudy 
for the human interpreter. One can envisage the situation where the specification 
equations turned out by one computing machine are, to adapt the story of the old lady s 
question about the sex of a hippopotamus, only of interest to another computing machine. 

Beyond these four issues, two others may be selected, for comment, from a very 
large “parent population,” for instance, as is admitted by Cattell, specification equations 
which only treat factors additively may well not be adequate to express their interactions. 
It is clear from the discussion that various complexities of interaction between factors 
can be accommodated by introducing product terms into the specification enar onn, 
In this connection he makes the important assertion that the manner in yea na z 
Combine mathematically corresponds to the way in which they combine psychologically. 
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While this may conceivably be held of factors which have themselves been derived mathe- 
matically, it is by no means obvious that we can extrapolate such a “correspondence” to 


the psychological situations and influences of human experience before they have been | 


through the mills of behaviourism and factor analysis. N 
Almost alone among factor analysts, Cattell has made much of changes over periods 
of time, and his proposed P-technique is an attempt to take care of this very important 
aspect of personality. He claims that this method would allow changes through time 
to become apparent in the factor structure, not only if the tests were specially con- 
structed, but even if ordinary tests were used repeatedly. His examples are quite 


striking, but once again the effort involved for the subject seems likely to be a bar to 
wider application of this method. 


Cattell deals with an enormous ran 
and amateurs may well shrink from 
methods he has devised. The most 
mine what is, after all, central; namel 
is now compiling a Universal Index. 


B. BABINGTON SMITH. 


Ageing and Human Skill. By A. T. Welford. London. Oxford University Press. 
1958. Pp. ix + 300. 25s. 
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be changed so as to minimize handicaps to the older worker. The chapters on speed and 
accuracy of movement, and on pacing accidents and heavy work provide the greatest 
amount of new data on ageing. Again they offer no panacea that will solve the problems 
of the older worker, but they do leave a clear picture of constructive steps that can be 
taken to adapt jobs to the worker such as alleviation of speed stress, and provision for 
self regulation of the pace of work. In these chapters and elsewhere experiments con- 
ducted within industry are reported along with findings from the experimental laboratory, 
adding considerably to the generality of the results. 

There are, of course, limitations to the data on skill and on ageing changes. Cross- 
sectional comparisons are recognized to be less desirable, from the viewpoint of experi- 
mental design, than longitudinal studies, but apparently no long-term studies were 
undertaken by the Nuffield Unit. Chapters that cover topics that are commonly not 
considered under skill, such as perception and problem solving, in general contain less 
original research data than do chapters on such topics as speed and accuracy of move- 
ments. 

Everying considered, this is a thoroughly excellent book. It should be in the library 
not only of those who are interested either in skill or in ageing, but in systematic psychology 
as well. 

Paur M. Fitts. 


Instinctive Behaviour. Contributors: Konrad Lorenz, D. J. Kuenen, Nicholas Tinbergen, 
Paul Schiller, Jacob von Uexkull. Translated and edited by Claire H. Schiller. 
Introduction by Karl S. Lashley. London. Methuen. 1958. Pp. 328. 45s. 


These essays, all but one of which were published originally in German, are collected 
here in translation as representing “the development of a modern concept” of instinctive 
behaviour. The first, a long paper by von Uexkull, represents a point of departure— 
it emphasizes that an animal's perception of its environment depends on its sensory 
capacities. This was an important conclusion at the time, and the paper contains many 
interesting observations, as well as what now seem some rather far-fetched speculations. 
The bulk of the book consists of six essays by Lorenz, Tinbergen and Kuenen, alone or 
in combination, including Lorenz’s (1935) “Kumpan” paper and the classic papers on 
the egg-rolling of the Greylag goose and the begging of young thrushes. It will surprise 
many to discover how nearly all the ideas which have proved useful in ethology were 
present in fully-fledged form in these essays written 20 years ago. The use of fixed 
action patterns in comparative study, the evolution and function of social releasers, the 
nature of animal language, the integration of discrete actions into functional sequences 
of behaviour, and many other topics are discussed here in detail; and the nature of 
Lorenz’s and Tinbergen’s genius is shown by the fact that later workers on such subjects 
have done little more than fill in the details. At the same time, these papers contain 
much of the earlier theoretical background to ethology which is now discarded by most 
ethologists as well as by Lorenz and Tinbergen themselves. Lorenz’s discussions of the 
innate/learning controversy, releasing mechanisms or the precise nature of ‘“‘action- 
specific energy” make curious reading now; and it would be a mistake to take these 
essays as at all representative of their views to-day. 

Many of these earlier ideas were crystallized fa Tinbergen’s hierarchical scheme of 
nervous centres, and the last essay by Lorenz in this book (1952) contains a summary of 
this model. From this point Tinbergen’s thinking entered a new phase, the beginning 
of which can be seen in the 1954 Macy Foundation volume on Group Processes, where 
many aspects of ethological work are discussed and the distinction between the invaluable 
general principles on which ethological work is based on the one hand, and the rather 
loose theoretical concepts on the other, becomes apparent. i ; 

This volume was planned and begun by the late Paul H. Schiller. It contains one 
previously unpublished essay by him on the importance of “innate” organization in 
determining the course of learning in Chimpanzees, in which he emphasizes that a know- 
ledge of this organization is essential for analysing the acquisition of skills. This paper 
was ahead of its time in pointing the way in which ethology is likely to develop P7 
establishing bridgeheads with other fields of study in which ethological observations an 


methods can be applied. RA mas 
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